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1941 Wang and reported that, when the living brain frog tadpole 
examined under the microscope, dark particles are frequently seen darting 
and fro the brain movements such dark particles offer 
opportunity for studying the factors controlling the circulation the cerebro- 
spinal fluid. has been proposed investigate the origin and 
fate the dark particles, and second, the cause their 


attention has been paid the second solution has indicated that 
motion the cilia the ependymal cells covering the choroid plexus and the 
brain ventricles generates local currents the cerebrospinal fluid and thereby 
plays its circulation inside the has been ex- 
tended frogs, water toads and true toads, and similar results have been ob- 
tained. That the ependymal cilia play part the circulation the 
spinal fluid hitherto has not been suspected. The results our work here 
reported serve call attention this long factor. 

Observations were made mainly the tadpoles and adults 
Microhyla peulchra. This species anura was chosen for study because 
abundant supply its eggs and adults found the ponds near the laboratory 
this Institute, and particularly because the body its larva remains trans- 
lucent almost the time metamorphosis. Pigments the skin older 
larvae may obscure the contents the brain case; but this easily remedied 
removing the skin before observation. For comparison, tadpoles and adults 
Rana limnocharis, Polypedates leucomystar and one unidentified species 
toad also were used. 

Young larvae under observation were laid thin moistened cotton 
wool glass slide; older ones were placed small water chamber built with 
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wax the the cause the movements black particles, 
blood the larva diluted with amphibian saline solution was introduced into 
the brain was done means micropipette operated 
simple home-made micromanipulator, order avoid the the cere- 
brospinal fluid from the brain one experiment, the ectodermal anlage 
hypophysis was extirpated sucking out the gill-slit stage. 

Observation larvae. The origin and fate the particle. 
Black particles the brain ventricles anuran larvae could easily removed 
first puncturing the skull over the caudal hindbrain, and then applying gentle 
pressure the skull the particles come out through the punctured 
hole. The removed particles were either dissected into small pieces smeared 
slide. When these preparations were examined under the microscope 
575 diameters, cellular could discerned. The 
particles simply consisted black pigmentary granules. sign their 
regeneration was found days after their removal. 

For the purpose tracing the course development the particles from 
their first appearance their final disappearance, tadpoles Microhyla peulchra 
were hatched and reared the laboratory; and dissections were made either 
freshly sacrificed larvae specimens fixed Destin’s solution from the 
neurula stage several days after metamorphosis. Just after the neural tube 
was completely closed, its inner wall was found still covered layer 
pigmented ectodermal cells, and dark particles after this, 
dark particles made their first appearance, and they increased number 
passu with the gradual disappearance pigmented cells the inner wall 
the neural tube. With larvae approximately mm. long, the pigmented cells 
the inner wall almost all vanished; the number dark particles reached its 
climax. Usually more than particles were found the third and fourth 
ventricle, some moving freely the cerebrospinal fluid, while the rest still ad- 
hered the ventricular wall. Gradually all particles became detached and 
free-moving bodies. Hereafter, they decreased number but increased 
Small particles seemed coalesce with each other into bigger one. 
Large particles usually lodged somewhere the caudal part the hindbrain; 
they were too heavy moved the currents the cerebrospinal fluid. 
One three days after metamorphosis, large particles could still found 
the hindbrain ventricle. However, they were never encountered the brain 
ventricles adult forms and other species anura 
examined. 

This course development was not affected either hatching and rearing 
the larva dark room, removing the ectodermal anlage the hypoph- 
the gill-slit stage. 

All these facts strongly suggested that the dark particles had their origin 
the pigment the eetodermal cells covering the ventricular several 
series serial sections the entire larva Rana limnocharis prepared for 
another purpose, found globules dark pigment floating the ventricle, 
adhering the surface the ependyma and lying between findings 
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gave support our conclusion. Furthermore, opportunity test 
found the eggs Polypedates leucomystax. 

The eggs this species tree frog are white hatching, the 
larvae also are devoid pigmentation. few pigmented cells appear the 
dorsal surface the body, when the tadpole grows body-length mm. 
Dissections were made different developmental stages tadpoles hatched 
and reared the laboratory. the brain ventricles larvae less than mm. 
long, dark particles were ever encountered. first appeared after the 
dorsal surface the body became scantly pigmented. But their number 
was times less than the maximum found the larvae the 
Dark particles completely disappeared tadpoles longer than 
mm. 

The data presented the preceding paragraphs justify the following conclu- 
sion: the dark particles found the brain ventricles anuran tadpoles have 
their origin the pigment the epithelial cells covering the inner wall the 
neural tube, and are gradually absorbed after the small particles have coalesced 
with each other into bigger ones. 

The cause its When living Microhyla tadpole mm. long 
was examined under the microscope, several small dark particles were usually 
seen moving actively the third and fourth ventricles the brain. motion 
each particle consisted both rotation and translation straight curvi- 
both the rhythm and the path its movements were highly 
irregular. With larger older larvae, moving particles were observed. 
the size the particle reached the upper limit (approximately 2.5 
determined measurements removed particles), ceased move, and 
was usually anchored somewhere the caudal half the hindbrain ventricle. 
Medium-sized particles frequently were caught the corners the ventricles 
during their motion. 

The movements dark particles were influenced neither the exclusion 
circulation decapitation rendered bloodless the vessels the head and thereby 
gave clearer field for observation. change the motion dark particles 
was noticed, except that their movements progressively grew weaker the 
preparation slowly deteriorated. With the microscope the horizontal position, 
tadpole placed thin laver cotton wool slide could rotated 
the dorsiventral axis its body into any position vertical Such 
change position space was found have observable the motion 
particles the brain ventricles. 

convenient means for investigating the cause particle movements 
provided the following accidental the attempt removing 
the particles, some blood vessels the skull were always severed, when the skull 
was punctured. Red blood corpuscles escaped into the ventricles, and showed 
similar movements those the dark particles. Then, blood from large tad 
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poles adults diluted with amphibian saline solution was deliberately injected 
into the fourth ventricle the larva under observation; and the injected red 
cells moved highly similar manner the particles originally the ventricle. 
This gave method for direct inspection the cause particle movements. 

When few drops diluted blood were introduced into the cerebrospinal fluid 
the exposed fourth ventricle, the added red blood corpuscles showed the same 
movements the intact ventricle. soon the cerebrospinal fluid was 
drained away, the red cells rested motionless the ependyma. This piece 
evidence clearly indicates that the movements the particles the ventricles 
are due currents the cerebrospinal fluid. 

order demonstrate how such local currents are generated, pieces the 
ventricular wall were removed and examined under the microscope. When 
piece the ventricular wall placed bath diluted blood was observed under 
the low power (magnification: circa diameters), red cells were seen moving 
near the ependymal surface. These movements were similar those red 
blood corpuscles near the ciliated surface piece esophagus removed from 
frog and examined the same known that the ependymal 
epithelium also possesses cilia its free surface, seemed reasonable conclude 
that the local currents near the ependyma were due movements. 
However, the attempt direct inspection ciliary movement the ependyma 
under high power 575 diameters) entirely failed. trial observe 
the movements ependymal cilia the reflected light with the ‘ultropaque’ 
microscope was also unsuccessful. The mass nervous tissue adhering the 
ependyma interfered with observation both transmitted and reflected light; 
and method was found free the ependyma from nervous tissue without 
damaging the former. 

The ependyma the roof the fourth ventricle also has cilia, and forms 
thin sheet cells suitable for examination. Placing piece the 
roof membrane stained with methylene blue and moistened with diluted blood 
under high power 575 diameters), could observe the red blood corpuscles 
following the movements the ependymal cilia. This was most clearly ob- 
served when the preparation was dying and the ciliary movements became slow. 

Hence, the cause the movements dark particles the brain ventricles 
found the local currents generated the motion ependymal cilia the 
cerebrospinal fluid. 

Observations series observations were made the adults 
Microhyla peulchra, Rana limnocharis, Polypedates leucomystax and one un- 
identified species Bufo. one series, the movements added red blood 
corpuscles the exposed third and fourth ventricle the removed brain were 
observed, whereas the other watched under the microscope magnifi- 
cation 575 diameters the motion the cilia piece the roof the fourth 
ventricle removed from the brain and stained with methylene blue. The results 
both series were similar the findings obtained with identical methods 
the larva. 

Discussion. The results presented the preceding section definitely 
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demonstrate that movements the cilia the ependymal lining ventricles 
play role the the cerebrospinal fluid inside the ventricles, 
least amphibians. When take into consideration the enormous number 
these cilia, must concede that their the motion the cerebrospinal 
known exist the ependymal epithelium since the time 
both anatomists and physiologists seem not have suspected that these cilia 
have any relation the motion the cerebrospinal fluid, shown the latest 
reviews the literature the structure ependyma (Wislocki, 1928; Agduhr, 
1932) and the circulation the cerebrospinal fluid (Abderhalden, 1927; 
Plaut, 1927). 

According Studnicka (1900), cilia are present the with great 
regularity lower vertebrates and during fetal mammalia. adult 
mammals, they are present only restricted areas. These facts suggest that 
ciliary movement may not play any part the circulation the cerebrospinal 
fluid mammals. However, records thus far published different investi- 
gators brain pulses taken from trephine holes the skull different mammals 
including man throw some doubts this suggestion. records register many 
highly irregular oscillations, addition the waves corresponding either the 
heart beat the respiratory Such irregular oscillations have not 
been explained, and most probably are caused the move- 
ments great many ependymal cilia. Furthermore, observations rats also 
are against the above-mentioned suggestion. our experiments added 
few drops diluted frog’s blood the mammalian saline solution the exposed 
third fourth ventricle removed brain, and found the frog’s red blood 
corpuscles moving the same manner those introduced into the ventricle 
anuran. The whirling about the frog’s red blood cells the rat’s 
ventricle certainly indicates that the cilia the ependyma are constant 
motion, although have not succeeded observing directly the movements 
the cilia piece the roof the fourth ventricle removed from the rat. 
Thus, ciliary movement most probably plays the same the 
the cerebrospinal fluid mammalia just amphibia. 


SUMMARY 


Observations are made the movements some dark particles the brain 
ventricles living anuran larvae. The dark particles have their origin the 
pigmented cells the ependymal covering over the inner wall neural tube. 
They persist throughout the larval life; and they are absent the 
movements dark particles are due the local currents the cerebrospinal 
fluid generated the motion the cilia epethelial cells lining the ventricles. 

Observations frogs and toads show that movements the cilia the 
ependyma also produce local currents the cerebrospinal fluid. 

The significance ciliary movements hitherto neglected factor the 
circulation the cerebrospinal fluid within the brain ventricles discussed. 
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Evidence has accumulated which indicates that during advanced adrenal 
insufficiency the ability the kidney perform its normal functions dimin- 
ished. There reduction the elimination urea, that this substance 
accumulates the blood Likewise, the renal potassium 
reduced and its quantity the blood increased (2,3). the same time the 
power the kidney retain sodium and chloride diminished, that these 
substances are lost the body The present investigation was under- 
taken with twofold aim: first, determine the power the kidney its 
work general rather than manner the absence adrenal cortical 
hormone, but with the animal good condition; second, under similar 
stances determine the ability the kidney excrete excess chloride. 
PROCEDURE AND METHODS. achieve the purposes this research, urine 
dilution and concentration tests and renal chloride concentration test were 
out dogs before and after adrenalectomy. After adrenalectomy these 
tests were performed when the animals were maintained good condition 
subsequently without cortical hormone. dogs weighing from 
kgm. were used. The adrenal glands were removed with the usual 
surgical technic under ether anesthesia separate operations. interval 
three weeks more was allowed between operations. routine all animals 
were dewormed with tetrachlorethylene prior removal the second adrenal. 
was important this study maintain the animals the same diet during 
the kidney function tests both before and after adrenalectomy that alterations 
this factor would not complicate the high sodium-low potassium diet 
was used. was composed casein, per cent; whole wheat flour, per 
cent; sucrose, per cent; lard, per cent; butter, per cent; veast, per cent; 
cod liver oil, per cent; sodium chloride, 2.5 per cent; sodium citrate 1.5 per cent 
bone ash, per cent; and water, per ingredients were thoroughly 
mixed and then baked slow oven the consistency soft cake. ani- 
mals were fed 300 350 grams this diet per day and this quantity they 
maintained their body weight gained. times, particularly immediately 
after adrenalectomy when early signs were present, was 


necessary feed the diet hand. routine, tablets veast concentrate 
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were added the cooked diet rather than cooked with the diet. order 
increase the sodium intake further, sodium chloride was added the drinking 
water quantities sufficient make 0.5 per cent solution. The total sodium 
intake was about 6.0 grams per day while the potassium intake was less than 
300 mgm. per day. 

The intact animals were placed the high sodium-low potassium diet for 
least three days before series control tests was run. The urine dilution and 
concentration tests and the chloride concentration test were performed series 
with one day rest between the dilution and concentration tests. The urine 
chloride concentration test was carried out immediately after either the dilution 
concentration test, before any food water had been given the dog. Tests 
were performed some animals after one the adrenal glands had been re- 
moved. difference was found between these and tests intact animals. 

After the control tests had been completed satisfactorily, the second adrenal 
was removed. After the operation the high sodium diet was supplemented 
the intravenous administration hypertonic solutions sodium chloride and 
glucose and the subcutaneous injection cortical extract desoxycorticos- 
terone acetate sesame oil. Injections hypertonic solutions salt and 
glucose were discontinued after two three days. Treatment with cortical 
extract desoxycorticosterone acetate was stopped eight ten days after 
operation when the wound was well healed and the animal good condition. 
period seven ten days was allowed elapse before any renal function tests 
were performed insure that all the cortical substitute had been destroyed 
excreted. 

Urine dilution test. After twenty-four hour fast, the animals were cathe- 
terized and then given 300 water stomach tube. Catheterization was 
repeated hourly intervals for four seven hours. The volume, specific 
gravity, and chloride concentration the urine were determined for each hour 
sample. 

Urine concentration test. The concentration test was started the morning 
catheterization the animal and removal water from the cage. The 
standard daily ration was then given and from this time until the end the test 
the animal did not receive any further food animals were 
catheterized least morning and evening. The volume, specific gravity, and 
chloride concentration were determined for each sample urine. 

Urine chloride concentration test. attempt determine the maximal 
ability the kidney concentrate chloride the urine test was developed 
which hypertonic solution sodium chloride was given vein and the chlo- 
ride concentration the urine was followed definite intervals. test was 
out immediately after either the urine concentration urine dilution 
test. The procedure followed was inject 350 4.5 per cent solution 
sodium chloride into the saphenous vein constant rate per minute. 
Blood samples were taken prior injection, just before the end the injection, 
and thirty minutes after the injection was completed. catheter was intro- 
duced into the bladder and leit place for the duration the test. bladder 
was drained before the injection was started and ten minute intervals until the 
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diuresis became less than about per minute when the collection time was 
lengthened twenty thirty minutes allow larger samples for analysis. 
the ten minute samples were obtained for about two hours and sampling 
the longer interval continued for further hour. 

The gravity the urine was determined weighing samples deliv- 
ered from syringe-pipet the Krogh-Keys type. offset the loss 
weight evaporation during weighing the urine was delivered into ce. 
Erlenmeyer flask counterbalanced similar flask containing water. 
samples were weighed 0.1 mgm. analytical and triple 
deliveries from the syringe-pipet were used determine the weight the 
standard urine volume. Experiments showed that the reproducibility results 
triple deliveries was slightly more accurate than for single deliveries; therefore 
whenever the urine samples were sufficiently large, triple deliveries were used. 
The standard deviation determined triple delivery was figures 
considered significant this work were many times large this 
rections for changes weight due variations the temperature the time 
weighing were made use standard tables water density. 

Throughout this study all animals were kept cages suitable for urine col- 
lection. During the various tests all samples urine were obtained catheter- 
ization. insure complete emptying the bladder, the urine was withdrawn 
through the catheter under gentle suction with svringe and light pres- 
sure was applied the lower part the abdomen. Blood samples were taken 
from the saphenous jugular vein into oiled svringes containing heparin 
anticoagulant. The amount urea the blood was used one indication 
the condition the adrenalectomized animals. was estimated the urease 
aeration method Van Slyke and Cullen Urine chloride estimations were 
done the Van Slyke modification the Volhard-Harvey titration method. 
The Van Slyke and Sendroy application the open Carius method was used 
determine the plasma chloride. Blood cell volume ratios were estimated 
centrifuging samples blood recalibrated graduated centrifuge tubes 
2800 r.p.m. for thirty minutes. 

All the animals used this study eventually died with the typical signs 
adrenal insufficiency and necropsy adrenal tissue was found. 

Dilution tests. Seventeen dilution tests were carried out 
eight healthy intact dogs maintained the high sodium-low potassium diet for 
least three days before performance the test. The results these 
tests were compared with those obtained fourteen tests five adrenal- 
ectomized animals maintained the same regimen. Before the water for the 
test was given, the bladder was emptied. The gravity this initial 
urine was variable, ranging from 1.039 1.007 the intact animals and from 
1.034 1.011 the adrenalectomized. Despite this wide variation the 
initial gravity values, the low levels reached during the first and second 
hour after administration the water were quite constant both the normal 
and the adrenalectomized animals (table the third hour the specific 
gravity rose sharply both the normal and adrenalectomized dogs. 

When the values the gravity the urine are charted against time, 


curve for the dilution test obtained. each animal the mean curve all the 
tests performed before adrenalectomy was compared with the mean curve all 
the tests performed after adrenalectomy. each animal the mean curve fell 
lower level before adrenalectomy than after adrenalectomy. 

Comparison the various mean gravity values the normal and 
adrenalectomized animals suggested some reduction the ability the adrenal- 


TABLE 


gravity urine during dilution tests normal and adrenalectomized dogs 


NUMBER SPECIFIC GRAVITY OF URINE 


PERIOD — 
Standard 


Dogs Maximum Minimum Mes 
deviation 


Normal animals 


Ist hour 1.0110 1.0005 
2nd hour 1.0063 1.0002 
4th hour 5 1.0209 1.0050 .0136 0046 


animals 


1.0303 
1.0211 1.0017 
1.0185 1.0037 
1.0215 1.0043 


hour 
2nd hour 
4th hour 


Ger Or 


TABLE 


Urine dilution tests during adrenal 


URINE SAMPLE 
CLINICAL CONDITION 
Time taken dur- Specific 
ing test gravity 
hours 
Anorexia, vomiting, progressive weakness 
1.011 Anorexia, vomiting, listlessness 


Anorexia, plasma 31.3 mgm. per 100 ce. 
1.013 mgm. urea nitrogen per 100 ec. blood 


1.021 Anorexia, vomiting, Weakness 
1.019 


ectomized dog produce dilute urine. Further study showed that such 
conclusion was unjustified. The results the tests the adrenalectomized 
animals were more variable than those obtained from the intact was 
found that the ability the adrenalectomized animals dilute the urine was 
dependent the success with which they were maintained the high sodium- 
low potassium diet. When maintenance was inadequate, the adrenalectomized 
animals were unable dilute the urine below gravity 1.010 (table 2). 
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the other hand, the adrenalectomized animal was the best clinical 
condition the results the dilution test were practically the same those 
obtained the intact animal. 

emphasize this finding further, the best performance each dog before 
adrenalectomy was compared with the most satisfactory performance obtained 
after adrenalectomy (fig. each animal the greatest dilution the urine 
before adrenalectomy but the differences the lowest specific gravity 
values obtained before and after adrenalectomy (0.0002, 0.0004, 0.0009, 
and 0.0050 respectively) were, with the exception the last instance, slight 
that special significance has been attached the differences 
are within the range error the specific gravity estimation. The experiments 
indicate that the ability the kidney the adrenalectomized dog dilute the 
urine not impaired when the animal maintained good condition 
high sodium-low potassium diet without cortical hormone. When signs 


1035 
1030 


Time hours 


Before adrenalectomy adrenalectomy 


Fig. gravity urine during urine dilution tests, before and after adrenalec- 
tomy dogs and maintained high sodium-low potassium diet without 
cortical hormone. 


adrenal insufficiency supervene there rapid deterioration the urine diluting 
power the kidney. 

II. Concentration tests. the study evident that the degree 
concentration reached the urine varied with the environmental conditions. 
might expected, during hot summer weather the concentration the urine 
was considerably greater than during the remainder the year when moderate 
temperatures prevailed the animal concentration tests there- 
fore have been separated into two groups, the moderate temperature tests and 
the hot weather tests. 

During the moderate temperature tests the specific gravity the urine the 
intact animals maintained the high sodium-low potassium diet usually ex- 
ceeded 1.035 forty hours after food and water had been taken from the cages 
(fig. Fifteen tests more than twenty hours’ duration were carried out 
the intact animals. twelve these specific gravity more than was 
observed some time during the the remaining three specific gravity 


more than 1.030 was obtained. With the intact animal, concentration 
more than 1.032 was attained every test which was continued for more than 
thirty hours. Only two tests moderate temperatures were carried out 
adrenalectomized animals. these, the gravity the urine did not 
exceed 1.028 during the first seventy hours the test and the highest concentra- 
tion reached after seventy hours was results suggested some reduc- 
tion the power the kidney the adrenalectomized dog secrete 
concentrated urine. Definite differences, however, were encountered the hot 
weather tests and for this reason the tests moderate temperatures were dis- 


During moderate temperatures During hot weather 


Time hours 
adrenalectomy After adrenalectomy 


Fig. Specifie gravity the urine intact and adrenalectomized dogs during urine 
concentration tests hot and moderate weather. animals maintained high sodium- 
low potassium diet without cortical hormone. 


The concentration tests during high environmental temperatures were con- 
trolled studies three intact dogs. All achieved urine concentrations 
more than gravity 1.058 (fig. 2). highest specific gravity was 1.066 
and the average the series was contrast, the highest urine specific 
gravity reached seven tests five adrenalectomized animals during the same 
hot weather period was 1.046 (fig. 2). 

One the adrenalectomized female dogs had been maintained excellent 
condition the high sodium-low potassium diet alone for more than thirty days 
before tests were run. This animal then had the appearance and vigor 
normal intact dog. Its concentration tests were carried out during the hottest 
summer weather, when the temperature reached 100°F. more for 
consecutive days. The maximal specific gravity values reached during these 
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tests were 1.041 1.046. These values are 0.010 0.015 less than the maximal 
concentration obtained intact dogs. 

During the course these tests was noticed that the ability the adrenal- 
ectomized animals elaborate concentrated urine could correlated with the 
general condition the animal. the results reported the previous para- 
graphs were obtained animals good clinical condition. When signs 
insufficiency were present some reduction the concentrating power was 
evident. 

The results the concentration tests indicate that the power 
tomized dogs maintained high sodium-low potassium diet without cortical 
hormone concentrate urine reduced even when these animals are excellent 
general condition. 

III. Chloride concentration tests. There adequate evidence impairment 
the ability the kidney adrenalectomized animals produce urine low 
chloride content, but little known the upper limit chloride concentrating 
power these animals. The chloride concentration test was devised deter- 
mine this maximal chloride concentrating power adrenalectomized animals 
maintained good health, without cortical hormone, the high sodium-low 
potassium diet. 

performance the test, after the bladder had been emptied 4.5 per cent 
solution sodium chloride was injected intravenously the rate per 
minute for thirty-five minutes. the preliminary tests intact dogs the 
hypertonic solution was injected under two contrasting states body hydration. 
This was accomplished performing the test immediately after either the urine 
dilution test the urine concentration test. When the chloride concentration 
test followed the dilution test, excess water had been administered only few 
hours previously but when the chloride concentration test followed the urine 
concentration test, water had been taken for least fifty hours. was 
soon found, might anticipated, that greater concentrations chloride 
the urine were obtained when the hypertonic saline solution was injected im- 
mediately after concentration test than when the injection followed dilution 
test. routine, therefore, the hypertonic salt solution was given after 
concentration test. 

Urine volume production. About twenty minutes after the injection had been 
started, the rate urine production increased maximal rate 
usually was reached during the first hour, after which urine production gradually 
declined (fig. the intact animal when the salt was given after dilution 
test, the diuresis was more prolonged and the maximal rate production urine 
often higher than when the injection followed concentration test 
total volume urine formed was also greater when the salt was given immedi- 
ately after dilution test than when was given after concentration 

When the salt injection followed concentration test, the maximal rate 
production urine ranged from 4.6 8.7 cc. per minute the intact animals 
and from 2.7 5.5 per minute the adrenalectomized animals. decline 
the diuresis was somewhat more rapid the than the adrenalecto- 


mized dogs, that the end the test there was not much difference between 
the total volumes urine eliminated the intact and adrenalectomized 
animals (fig. 3a). 
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Fig. Rate production urine and total volume urine produced during chloride 
concentration tests and adrenalectomized dogs maintained high sodium-low 
potassium diet without cortical hormone. When chloride concentration tests were done 
immediately after urine concentration tests; when chloride concentration tests were 
done immediately after urine dilution Double indicate the maximal rate 
urine production individual tests. 


the adrenalectomized dogs only one the chloride concentration tests was 
done immediately after dilution test. The rate production urine and the 
total volume urine produced during this single test were distinctly less than 
those observed during the four control tests carried out under similar cireum- 
stances (fig. 3b). 
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general, there was definite tendency for the rate production urine 
the adrenalectomized animals rise slowly maximum and remain fixed 
this level throughout the rule this rather fixed rate production 
urine the adrenalectomized dogs was less than the maximal rate production 
urine observed intact animals. 


After urine concentration test After dilution test 


~ 
n~ 


Time minutes 


Before adrenalectomy adrenalectomy 


Fig. Chloride concentrations the urine intact and adrenalectomized dogs during 
chloride concentration tests which were done immediately after urine concentration tests 
urine dilution tests. Animals maintained high sodium-low potassium diet without 
hormone. 


Urine chloride concentration. During the period diuresis, the chloride 
content the urine varied over approximately the same range grams 
per liter both the intact and adrenalectomized dogs During the later 
minutes the test, after the diuresis had subsided, there was marked difference 
between the chloride concentrations attained the intact animals and those 
reached the adrenalectomized the intact dogs after the period 
diuresis, the chloride concentration rose values from 13.2 17.9 
grams chloride per liter when the salt was given after concentration test 
and from 10.7 13.0 grams when the salt was given after dilution 
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contrast the intact animals the urine chloride concentration the adrenal- 
ectomized animals did not rise after cessation the diuresis but remained 
relatively fixed levels far below those observed the intact animals (fig. 4). 
Throughout the tests the highest urine chloride concentration found 
adrenalectomized animal was 11.6 grams per all other instances the 
maximal chloride concentration attained adrenalectomized animal was 
11.0 grams per liter less. The difference between the intact and adrenalec- 
tomized animal was most noticeable when the tests carried out before and after 
adrenalectomy were compared the same dog (fig. 5). The experiments indi- 


Chloride concentration tests 
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adrenalectomy adrenalectomy 
Fig. Concentrations chloride the urine two dogs, and during chloride con- 


centration tests before and after adrenalectomy. Animals maintained high sodium-low 
potassium diet without cortical hormone. 


cated that the adrenalectomized animal, even when well maintained 
high sodium-low potassium diet without cortical hormone, the kidney had lost 
its ability concentrate chloride the urine above ceiling approximately 
grams chloride per liter urine. 

Urine chloride output. The changes the chloride output per minute fol- 
lowed roughly the same pattern the changes rate production urine. 
all instances, the most rapid elimination chloride occurred during the period 
diuresis, after which gradually declined production urine was reduced 
(fig. the intact animals the rapid rate elimination chloride was 
continued for longer period when the chloride was given after dilution test 
than when administered after concentration test. result, the intact 
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animals the total chloride eliminated during the test was generally greater when 
the salt was injected after dilution test the adrenalectomized dogs 


chloride elimination was generally slower during the first two hours 
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Fig. Rate chloride output and total chloride output the urine during chloride 
concentration tests dogs before and after adrenalectomy; when chloride concentration 
test was done immediately after urine concentration test, and when chloride concen- 
tration test was done immediately after urine dilution animals maintained 
high sodium-low potassium diet without cortical hormone. Double circles indicate maxi- 
mal rate chloride output each test. 
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the test, than the intact animals. The maximal chloride output per minute 
was always less the adrenalectomized than the intact animals. 
out all the tests the rate elimination chloride the adrenalectomized dogs 
was more less fixed comparison with that the intact animals (fig. 6). 
The total quantity chloride eliminated during the tests was somewhat greater 
the intact than the adrenalectomized animals although the differences were 
not striking. The greatest amount chloride was excreted when the salt injec- 
tion was preceded the administration water (fig. total quantity 
chloride eliminated during the two three hours the test was always less 
than the quantity injected. 

seemed possible that the differences between the normal and the 
tomized animal might due differences the concentration chloride the 
plasma delivered the Blood samples were drawn thirty and sixty 
minutes after the beginning the injection and the cell volume and plasma 


TABLE 


Red cell and plasma chloride concentrations during the chloride concentration test 


PER CENT RED CELLS | MGM. CHLORIDE PER 100 CC. PLASMA 


Minutes during test Minutes during test 


Before test 
30 | 60 60 


Before adrenalectomy 


42.8 
37.8 


After adrenalectomy 
42. 391 485 473 
57. 34.8 41. 390 495 456 


46.8 39. 391 475 483 
49. 32. 39. 396 465 398 


chloride concentration determined. marked differences were noticed be- 
tween the values obtained for the intact and the adrenalectomized animals 
(table 3). 

The data indicated that the kidney the adrenalectomized animal had lost 
some its flexibility despite the administration adequate quantities so- 
dium these experiments the maximal urine chloride concentrating 
power the adrenalectomized dog, maintained good health the high 
sodium-low potassium diet without cortical hormone, was less than that the 
intact dog. 

this study attempt has been made determine the extent 
which the kidney, deprived adrenal cortical hormone but supplied with 
sodium chloride, change the concentration solids the urine. 
specific gravity the urine was used because gives some measure the ratio 
water dissolved substances. When subjected dilution test the kidney 
the adrenalectomized animal was found able elaborate dilute, 


54.6 392 503 
46.0 419 481 470 
H-2 
L 
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nearly dilute, urine the intact animal. the presence sufficient so- 
dium chloride, lack cortical hormone did not limit seriously the ability the 
tubule reabsorb the and leave the water the glomerular filtrate. 

the concentration test some measure was obtained the ability the 
tubule reabsorb water selectively and thus allow accumulation dissolved 
substances the urine. During the hot weather tests the tubule without cortical 
hormone was unable carry out this differential reabsorption water 
ciently elevate the gravity the values obtained the normal dogs. 
seems unlikely that there was sufficient difference the pattern solids 
excreted the urine the intact and adrenalectomized dogs account for the 
differences the specific gravities the urine samples. Apparently the high 
sodium-low potassium diet did not restore tubular function 
should pointed out, however, that this test the difference between the 
performance the intact and adrenalectomized animals was not great. the 
basis general clinical experience with the urine concentration test the adrenal- 
ectomized animals the high sodium-low potassium diet showed degree 
urine concentrating power usually considered sufficient for ordinary body needs. 
Despite this rather satisfactory over-all performance the kidney the experi- 
ments definitely point reduction the power the tubule reabsorb water 
selectively. 

This was emphasized again the chloride concentration tests which the 
tubule without cortical hormone was unable reabsorb water differentially 
sufficiently raise the concentration chloride the urine more than 
approximately grams per liter. may considered that these latter 
experiments the tubule was unable refuse selectively reabsorb chloride 
rather than unable reabsorb sufficient water selectively. matter which 
view taken, the data indicate some reduction the tubular function the 
kidney supplied with ample sodium chloride but deprived cortical hormone. 

During the dilution tests the rate formation urine was, rule, some- 
what slower the adrenalectomized animals than the intact animals. The 
water the test was given mouth and the slower rate elimination the 
adrenalectomized animals was possibly partly due reduced rate absorption 
the water from the gastro-intestinal tract the light the findings 
Harrison and Darrow (3) the possibility maximal rate glomerular filtra- 
tion somewhat less than that the normal animal may also considered 
possible cause the slower rate elimination the adrenalectomized animals. 
smaller volume glomerular filtrate with resulting slower passage through 
the tubules may have assisted the kidney the animals 
produce extremely dilute urine. significant difference was noticed the 
concentration chloride the urine during the dilution tests the intact and 
adrenalectomized animals. Both groups animals had been receiving large 
quantities chloride the high sodium-low potassium diet the time 
giving the test. seems probable that excess chloride was present the body 
and that for this reason difference chloride conservation the kidney was 
noticed during the test. 

Willson and Sunderman (8) observed only moderate increase chloride 


| | 


and sodium the urine patient suffering from Addison’s disease during 
period water deprivation. This observation suggested diminution the 
ability their patient concentrate sodium and chloride urine. The present 
study has shown quite definitely that the maximal urine chloride concentrating 
power adrenalectomized dogs, maintained good health the high sodium- 
low potassium diet without cortical hormone, less than that the intact dog. 

Maintenance mineral balance average diet necessitates the elimina- 
tion potassium and times the conservation both sodium and chloride. 
accomplish this the kidney required concentrate potassium 
necessary dilute sodium and chloride the urine. Retention potassium and 
loss sodium and chloride the animal suffering from adrenal insufficiency 
have been explained being due specific inability the kidney meet these 
requirements failing produce the necessary concentration gradients 
between plasma and urine this study has been shown that the renal 
dysfunction adrenalectomized animals not limited failure concentrate 
potassium and dilute sodium and chloride the urine but also includes 
reduction ability concentrate chloride the urine. For was found 
during the chloride concentration tests that the adrenalectomized animal failed 
concentrate chloride the extent the normal and result there was 
actually abnormal retention this ion. Thus when high concentrations 
chloride are required the urine, the kidney the adrenalectomized animal 
behaves toward chloride has been shown behave toward potassium when 
high concentrations potassium are required the urine. 


SUMMARY AND CONCLUSIONS 


The kidney function adrenalectomized dogs maintained good condition 
high sodium-low potassium diet without cortical hormone was tested 
urine dilution test, urine concentration test and chloride concentration test 
and the results were compared with those obtained normal animals main- 
tained the same diet. 

With the urine dilution test, when the adrenalectomized animals were 
well sustained without cortical hormone the high sodium-low potassium 
regimen, dilute nearly dilute urine was obtained from the intact 
animals. 

During hot weather the adrenalectomized animals, deprived cortical 
hormone but well maintained the high sodium-low potassium diet, were 
unable produce concentrated urine intact animals. 

the case the chloride concentration tests, the maximal chloride concen- 
tration was limited the adrenalectomized animals levels less than 11.6 
grams per liter urine, while the normal animal the concentration chloride 
the urine rose values considerably greater than this these experi- 
ments the maximal chloride concentrating ability the kidney 
tomized animals maintained without cortical hormone the high sodium-low 
potassium diet was less than that the intact animal. 
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While extensive studies have been reported the absorption and disposition 
carbohydrates from the gastro-intestinal tract mammals, very few quanti- 
tative studies have been made birds. 

Henry al. (1) determined the absorption coefficient for glucose adult 
fowls. These authors did not describe their technique but presumably 
followed the Cori (2) procedure. Glucose solutions varying concentration 
from 13.5 per cent per cent were used for absorption 
minutes. The absorption coefficient found for the solutions were, respec- 
tively, 209, 204 and 140 mgm. per 100 grams per hour. They found the ab- 
sorption rate vary with the concentration glucose administered, but 
should pointed out that values obtained for such short absorption periods 
are likely unreliable. 

Emslie and Henry (3), also employing the Cori procedures, studied the ab- 
sorption glucose, galactose and lactose chicks. The sugars were 
administered per cent aqueous solution and absorption periods 1.5, 3.0, 
4.5 and 6.0 hours were allowed. These workers found the three sugars 
absorbed the following relative rates: glucose galactose lactose. There 
progressive decrease the rate absorption each sugar with time, 
that glucose decreasing from 655 mgm. 1.5 hr. 245 6.0 hrs. 

comparison the relative velocities the absorption different sugars 
the rat and pigeon contained brief note Westerbrink 
author has carried out experiments rats and pigeons which for days had 
been diet consisting only fat, casein and salts (no vitamins). The rats 
showed the following series relative absorption rates: d-galactose: d-glucose: 
d-fructose: d-mannose: 108: 100: 42: 15: 13: the pigeons 
115: 100: 55: results with the rat were similar those Cori 
and there was observed difference relative absorption rates between the 
rat and the pigeon. 

Recently Morando (5) has reported that ligation the ducts 
pancreatectomy ducks and pigeons was followed reduction intestinal 
glucose 


the present investigation the rate absorption glucose was studied 
White Leghorn chicks varying weight from 150 250 grams. ad- 
dition some information was also obtained the disposition the absorbed 
glucose observing the changes the levels blood glucose, muscle and 
liver glycogen. 


The data forming the basis this paper were taken from dissertation submitted 
partial fulfillment the requirement for the degree Phi- 
losophy, Yale University, 1940. 
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The selection and care the experimental chicks well 
the chemical methods employed are described elsewhere 

The general procedure employed for the study the absorption rate was 
essentially that outlined Cori (2) for the study absorption the rat. 

Merck’s reagent grade d-glucose, dissolved distilled water used and 
the chicks were fasted hours before the administration 
no. (French seale) rubber catheter attached means 
the glucose. 

After filling with the glucose solution the catheter was gently inserted into the 
esophagus and pushed downward until the end was palpable the 
full the svringe was then delivered into the the chick and the 
catheter immediately withdrawn. some instances the end the catheter 
went past the crop into the such cases, the glucose solution 
must have been delivered into the proventriculus and gizzard but, since the 
fasted chick the crop discharges material almost immediately into the gizzard 
(1), the glucose solution must have arrived the absorbing portion the gut 
either case approximately the same time. 

measure the quantity glucose given, similar charge from the 
was delivered into volumetric flask, volume and aliquots were 
taken for 

The time delivery the glucose solution into the crop the chick was 
recorded and minutes before the expiration the absorption 
chick was anesthetized, with nembutal given 
thesia was complete, the upper end the and lower end the reetum 
were ligatured prevent escape fluid during manipulation. 
cessive order, sample pectoral muscle and portion liver were taken the 
usual manner for glycogen determinations and following this, blood was ob- 
tained. 

soon the tissues and blood were obtained, the esophagus was severed an- 
teriorly and the rectum posteriorly the respective entire 
gastrointestinal was then drawn out, stripped adhering mesenteric 
tissues, and transferred dish containing about 100 hot water which 
had been added liberal quantity powdered sodium fluoride. The entire 
tract was slit lengthwise and then successively extracted with portions 
hot water, which were transferred 500 volumetric 
five cubie centimeters per cent and ce. were 
next added respective order with thorough mixing after each addition. The 
mixture was cooled, made volume with water, and after thorough mixing 
was filtered and small portion the filtrate was collected for de- 
terminations. Finally, the residual portion the liver not used for glycogen 
analysis was taken from the chick and weighed that the total weight the 
liver would known. 

The rate absorption the glucose was expressed the 
according definition: that is, the number milligrams glucose 
absorbed per hour per grams body weight (fasted). 


RESULTS AND Before studying the rate ab- 
sorption glucose from the intestinal tract the fasted chick according the 
procedure described above, two questions relating the method employed had 
first answered. They were: 

Does the gastro-intestinal 24-hour fasted chick contain signifi- 
cant quantities reducing material? 

Can administered glucose recovered quantitatively time allowed 
for absorption take place? 

The first question was answered removing the intestinal tracts several 
fasted chicks, extracting them, precipitating the proteins described and an- 
alyzing the filtrates obtained. The results indicate that the reducing material 
the intestinal tract recoverable this procedure negligible. The actual 
quantities, expressed glucose, found chicks were 20, 30, 23, 13, and 
mgm. correction for this amount was applied the calculations. 

The answer the second question was sought the following manner: 

known amount glucose was discharged into the crop each several 
heavily anesthetized chicks the presumption that absorption would very 
slow under such conditions. The intestinal tracts the birds treated were 
removed immediately following the administration the glucose and extracted 
and analyzed the usual manner. The glucose recovery values for chicks 
were 95, and per and Henry (3) have performed similar 
experiment, with the exception that their birds were not anesthetized. They 
obtained recovery values ranging from per cent. Some the lower 


recoveries may explained, these authors suggested, the fact that the 
non-anesthetized birds absorption the glucose may have already commenced. 
the basis the foregoing evidence was safe assume that the difference 
between the quantity administered glucose and residual glucose found the 
intestinal tract after fixed time interval was the amount glucose absorbed 


that time. 

the present investigation, absorption glucose was allowed proceed for 
1-, and 4-hour periods, respective groups birds. addition the 
absorption rate, the changes the blood sugar and glycogen levels were also 
determined. 

The results these experiments are summarized table 

examination the absorption rates for the four absorption periods would 
indicate gradual decrease the rate with time. This trend, however, not 
marked and statistical analysis the differences rate between each group 
indicates high probability that they could have occurred chance variation. 
This contrast the findings Emslie and Henry (3) who reported 
striking decrease absorption coefficient from 655 for 1.5 hours 245 for 
hours, expressed milligram per 100 grams per hour. 

The overall mean absorption rate for all groups listed table slightly 
over 400 mgm. This more than twice the rate found rats similar size 
(2) and over times the rate reported for dogs Trimble, Carey and Mad- 
dock (7). 


ABSORPTION AND DISPOSITION GLUCOSE THE 


CHICK 


Although these experiments were not extensive enough study the effect 
the concentration the administered glucose solution the rate absorp- 
tion apparent that the slight differences observed cannot related the 
concentration. For example, the concentrations glucose 
groups and were respectively and per cent, while the respective ab- 
sorption rates for these groups were 436 and 430 mgm. Since, all the 
groups, this was the greatest difference concentration and the least difference 
absorption rate, the conclusion probably justified that moderate differences 
concentration are without effect the rate. 

difficult draw any definite conclusions from the response the blood 
sugar the administered glucose. the end hour all the birds that 
group showed uniformly high blood sugar. The 2-hour group showed 
inexplicable drop the blood sugar the glucose was being ab- 
sorbed the same high rate, might have been expected that the high level 


TABLE 


Absorption glucose from the intestinal tract 


PER 
CENT 
LIVER 
} GLYCO 
x | | GEN | 
mgm. per cent mgm. per cent 


the blood sugar would have been maintained. the end hours there 
was again rise the blood sugar, almost the level group This was 
then followed another drop the end the fourth attribute 
the decrease blood sugar the end the second hour the relatively 
greater deposition liver glycogen that took place during that time, the same 
reason would not apply for the decrease the blood sugar level the end the 
fourth hour. During this last hour, roughly, the same amount liver glycogen 
was deposited during the third hour, vet this time the blood sugar fell 
from mean level 524 367 mgm. per many the birds 
excreted glucose during the absorption period. the absence any knowl- 
edge the quantities sugar excreted and the amount sugar burned 
these birds, would futile speculate further regarding this fluctuation 
the blood sugar similar experiment rats, Cori found that the 
blood sugar curve reached maximum the end hours and then fell off 
slightly but consistently each hour for the ensuing hours. Nevertheless, 
the end the fifth hour the blood sugar was still higher level than had 
attained hour. spite the difference species, seems that qualita- 


tively, least, the same type curve should have been obtained with the 
chicks. 

The rate deposition liver appears have been greatest during 
the hour. Since has been shown (6) that the fasting control level 
liver glycogen about 350 mgm. per cent, then the quantities liver 
deposited during the first, second, third and fourth hours were round numbers, 
1100, 2000, 1100 and 1200 mgm. per cent, quantities, 
plotted, would give roughly type interesting that Cori 
the paper cited above also obtained similar curve for the deposition liver 
glycogen, with the chief difference that the third hour was the period greatest 
deposition. 

Finally, mention should made the changes observed the muscle 
glycogen recalled has been found that the muscle glycogen 
fasted control birds averages 775 mgm. per cent and normal fed birds 
about 1100 mgm. per cent (6), apparent from the values table that only 
hours were required replenish the muscle glycogen stores. Within the 
next hour, the glycogen had increased supernormal levels and was main- 
tained during the ensuing also interest mention that the 
individual values for birds groups and table ranged from 1810 2390 
mgm. per far are aware these are the highest muscle glycogen 
values reported for any avian species and perhaps for also. 

attempt has been made estimate the amount absorbed glucose which 
could accounted for through glycogen formation. The increase muscle 
glycogen observed the pectoral muscles may have been greater than the in- 
crease the other skeletal muscles. However, the assumption made that 
the observed increase representative the entire musculature, then 
possible arrive estimate the maximum quantity glucose deposited 
muscle 

200 gram chick has about grams During hours glucose 
absorption the pectoral muscle glycogen increases about 500 mgm. per cent. 
this increase representative for the entire musculature, then total 250 
mgm. would have been hours 200 gram chick will 
have absorbed 3200 mgm. glucose (an absorption coeff. Accordingly 
maximum 7.5 per cent the absorbed glucose would accounted for 
extra muscle the liver (table shows that hours 
12.3 per cent the absorbed glucose deposited glycogen and this added 
the quantity estimated deposited muscle glycogen shows that not 
more than per cent the absorbed sugar can accounted for this manner. 
This striking contrast the 24-hour fasted rat which deposits the muscle 
per cent and the liver per cent the glucose absorbed hours (Cori 
and Cori, 9), total per cent, more than twice the maximum quantity 
estimated for the chick. While the chick may have relatively greater amount 
glucose distributed its body water, far the largest proportion the 
absorbed glucose must accounted for excretion, oxidation conversion 


This value was found direct determinations another series birds. 
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fat. measure the could obtained, but extremely un- 


likely that the glycosuria could have been sufficiently intense have accounted 
for very much the absorbed glucose. Consequently, would appear that 
either the chick has much greater capacity for glucose oxidation than the rat 
else able rapidly convert considerable proportion administered 
into fat. 


SUMMARY 


The Cori technique has been employed study the rate intestinal absorp- 
tion glucose the chick. rate 400 mgm. per hour per 100 grams 
body weight has been found. This rate appears remain constant (within 
experimental error) over 4-hour period and does not seem 
moderate differences the concentration administered 
hours absorption the liver had risen level almost per cent 
while the muscle glycogen rose about 1300 mgm. per the glucose 
hours, per cent could accounted for increased liver glycogen but not 
more than per cent was estimated have been deposited the muscles. 
suggested that the chick possesses either relatively intense ability 
oxidize glucose able convert considerable proportion absorbed 
cose into fat. 


REFERENCES 
Biol. Chem. 66: 691, 1925. 
terap. sper. 26: 123, 1939; cited from Chem. Abstr. 33: 
7365. 
Biol. Chem. 70: 577, 1926. 


(1) 
(2) 
(3) 
(4) 
(5) 
(6) 
(7) 
(S) 
(9) 


OBSERVATIONS THE ACCURACY THE 


From the Department Medicine, Western Reserve University, Cleveland, Ohio 
Accepted for publication January 26, 1942 


Over two and one-half years ago method was sought quantitate blood 
flows the coronary arteries normal unanesthetized dogs. While the orifice 
plate meter (1), and the rotameter (2) were suitable for recording phasic and 
mean flow acute experiments, the thermostromuhr seemed the best available 
device for use experiments. attempts use it, certain difficulties 
have been encountered which seem insurmountable, and which indicate that 
under most experimental conditions cannot used for quantitative measure- 
ments. Since the widely used just this way, seems 
worth while report our experiences with the method. 

PROCEDURE AND METHOD. Direct current thermostromuhrs (3) were either 
bought constructed according the specifications Baldes and Herrick. 
This type unit was adopted because its simple structure. 
standard practice, the units were calibrated vitro before application arteries 
animals. all uses the thermostromuhr corrections were made for the 
null point the galvanometer before and after each determination. any 
one unit, and for given experiment the heating current was kept constant; 
different units this varied from 200 milliamperes 350 milliamperes. For 
the calibration, the unit and long, snug-fitting artery segment were connected 
artificial circulation which produced flow pattern, revealed 
the orifice plate meter, similar aortic pressure curve fig. part 
D-2). The peripheral resistance was never less than mm. Hg, and the cali- 
bration was made room temperature with whole blood known viscosity (4) 
rendered non-coagulable with heparin and pontamine fast pink. The actual 
flow was determined either graduate or, more usually, 
tameter series with the unit. The thermostromuhr unit was either placed 
moist surrounded saline cotton saturated with saline. 

Following the vitro calibration, the units were applied with aseptic pre- 
cautions the arteries dogs (in most instances the coronary arteries). 
the coronaries were used, special precautions, such the stitching the unit 
and its overlying pericardium the epicardium, minimized movement and 
angulation the unit with respect its artery. Drainage was largely elim- 
inated periodically packing the lead wire incisions with sulfanilamide. 

The expenses this investigation were defrayed, large extent, grant from the 
Commonwealth Fund. 


preliminary report this work was presented before the American Physiological 
Society April 15, 1941. 

The unit and its contained artery segment were supported closed chamber the 
floor which was placed cotton saturated with saline. 
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Galvanometric readings were taken dogs (generally alternate days). 
Such readings were assumed represent the same flows indicated the 
vitro calibration. The experiment was generally terminated calibrating 
the unit the above circulation system with the own blood, after 
careful removal the unit with its artery and surrounding tissue. 
occasion, the final calibration was obtained situ anesthetizing the dog and 
then connecting calibrated rotameter peripheral the unit and varying the 
flow means screw clamp the rotameter. 

some the first experiments number days after applica- 
tion the units, the Bakelite blocks developed electrical leaks and the lead wires 
frequently broke the point emergence from the chest wall. Accordingly, 
the original braided tinned copper leads were replaced with strands 
no. no. annealed silver wire, and the covering varnish was 
replaced Bakelite this procedure electrical and 
mechanical trouble was largely eliminated experiments (1-2 mos.). 

some dogs the empirical flow readings derived from the previous vitro 
were reasonably constant from day figure 1-A are pre- 
sented the flow data obtained with unit that had been the left circumflex 
artery dog for days (curve F-2). the fifth day the empirical flow 
varied from Such flows might the reasonable expectancy 
the left circumflex. However, other dogs such flow figures, although rea- 
sonably constant from day day, vary from 150 different 
dogs (12-18 kgm. weight) (F-3, seems highly improbable that flows 
given coronary branch different well-trained dogs could vary large 
amount. Also, since vitro calibrations taken the beginning and end 
chronic experiment were found vary considerably (up per cent) any 
blood flow values thus derived are questionable. Hence, tests were made 
determine the trouble and possible eliminate it. 

such tests the unit has been studied the living dog, and also artificial 
circulation svstem, obviate the change more than one variable time. 

The first test was the comparison the vivo and the vitro calibrations 
the same thermostromuhr unit. These curves are presented 
For all curves the actual flow was determined rotameter inserted peripheral 
the unit. For curve the unit was applied the carotid anesthetized 
dog and the incision peripheral end the rotameter was connected 
the central end the jugular vein the opposite side, and the flow was 
varied screw clamp peripheral the rotameter. curve (taken about 
min. later) vivo moist chamber was created without disturbing the artery, 
careful removal all tissue and fluid from contact with the artery and 
closing the incision with skin and moist For curve (about min. 
later) the same artery (12 long) with its attached unit was removed the 
moist chamber circulation system, connected two inch plastic cannulae 
without apparent constrictions deformations, and then calibrated with the 
same dog’s blood room temperature. These curves differ about per 
cent. Obviously, the use calibration obtained moist chamber re- 
stricted and may not used derive flow values animals. 


GREGG, PRITCHARD, ECKSTEIN, SHIPLEY, ROTTA, AL. 


The next step was the investigation the cause for the difference between the 
calibration curves obtained the animal (curves fig. 1-B). Accordingly, 
the effects tissue components per together with the movements extra- 
and intra-vascular fluid upon the calibration the 
were 


GALVANOMETER ROTAMETER cuncaction 

Fig. Part Graphs showing blood flow values left arteries different 
dogs caleulated from vitro curves thermostromuhr. em- 
pirical flow values dogs (D-48, 46, 49) weighing 18.0, 12.0 and 12.0 kgm. respectively. 
F-1 based G-2 (in vitro thermostromuhr and R-2 (ealibration rotameter 
vanometrie 100 mm. Rotameter—in millimeters. Days— 

Part Curves showing difference between calibrations moist 
chamber and Curve unit carotid artery anesthetized dog and surrounding 
skin and muscle with unit. Curve same set minutes later, except that 
created. Curve unit and artery curve carefully removed 
pump system and room temperature with same dog’s all curves 
flow through unit measured rotameter connected peripheral it. 

Part curves obtained same thermostromuhr unit 
environmental conditions prevailing. Curve obtained unit after had been applied 
femoral artery dog for two weeks and then removed calibration system with its 
contained artery and surrounding tissue. Points S—same but after artery stretched about 
per but tissue carefully clipped from unit and artery. Curve 
unit pump system surrounded saline, (dots); fluid (open 
circles); whole blood, blood diluted 1:3, (triangles). 

Part Unit ealibrated pump system and surrounded successively saline soaked 
cotton, fresh muscle tissue, saline, moist chamber, 


room temperature, the calibration curves are essentially identical when 
saline fluid surround the unit, but the surrounding fluid more 
viscous (whole blood blood diluted 1:3), shifts 100 per cent the 
calibration curve occur (fig. points with its artery 


segment surrounded cotton soaked saline, and then succession 
fresh moist tissue, saline alone, and finally, moist chamber, curve shifts 
curves and (fig. 1-D). 
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test further the “tissue animals, units have been applied the 
femoral arteries number normal dogs for weeks, and then the unit and 
artery, together with the surrounding tissue, have been removed the calibra- 
tion system. Curve figure 1-C, was obtained from such tissue 
removal from the region the unit careful calibration gives points 
Similar shifts the calibration curve have been obtained following tissue 
removal from the unit applied femoral for two weeks and then 
calibrated situ. 

the flow blood the capillary bed and large vessels around it, indicated 
changes galvanometer deflection without concurrent changes blood flow 
through the unit. Representative data figure 2-A have been taken from 
ferent experiments and arranged that the same apparent shifts flow occur 
each experiment. obtain the data, the unit and its contained excised 
artery were buried between muscle anesthetized dog 
connected with the calibration system and rotameter, the whole ensemble being 
maintained essentially constant temperature water bath. The flow 
through the calibration and unit was maintained constant, indicated 
the rotameter, and flow alterations the surrounding tissue were induced 
vasodilator constrictor drugs. The apparent flow read from the galva- 
nometer deflection shifts about per cent (dots and while the actual flow 
through the unit unchanged. 

Similarly, the same arrangement the flow through the unit again kept 
constant and the cold junction the unit purposely placed close the femoral 
artery the host dog, reduction flow through this same artery causes shifts 
the deflection (triangles) indicating apparent flow increases 
300 per cent through the unit, despite the constant reading the ro- 
tameter. Similarly, the area over the hot junction placed contact with the 
femoral artery the anesthetized dog and blood flow through that artery 
reduced, errors comparable magnitude, (squares) but the reverse direction, 
are noted. results can obtained calibration the rate 
fluid flow changed through small rubber tube placed the same fluid bath 
the unit, and close the latter. 

Movements Such movements can significantly 
affect the calibration curve. Ten fourteen days after unit had been applied 
the iliae artery dog, the dog was anesthetized and the unit area exposed 
and fluid movements about the unit induced intestinal 
activity resulted marked alterations the deflection. 
results were obtained calibration system stirring tilting the chamber 
fluid. 

While the variations external environment adequately explain 
ferences between curves and figure 1-B, account for the difference 
between the moist chamber calibration artificial circulation system (curve 
and the vivo calibration 1), additional factors such differences 
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heart rate, stroke volume, viscosity, pattern the flow curve, the vessels 
used and their contact with the thermostromuhr unit must considered. 
Some these variables are quite effective, others are not. 

Temperature, heart rate, volume. These are potentially effective 
variables which have little effect the the thermostromuhr 
unit. figure 2-B the calibration curves taken artificial circulation system 
indicate that variations blood temperature 4°C (curve 1), alterations 


GALVANOMETRIC DEFLECTION 


curve thermostromuhr. Curve assumed curve from which recorded points 
are placed that they show same percentage error original experiments. Unit and 
contained artery segment embedded between muscle leg anesthetized dog and 
connected pump system. Dots, iliae artery partially constricted. 
erine injected vein. Triangles, cold junction unit placed near femoral artery with 
artery flow reduced mechanically. Squares, same but with hot junction near femoral 
artery. 

Part alteration temperature, (curve 1), viscosity (curve 2), and heart 
rate and stroke volume (curve calibration curves obtained moist chamber. Dots 
—control points. Temperature change from 29°C (dots) 24°C vis- 
cosity change from 8.4 (dots) 5.3 3.1 (triangles). 

Part Curve calibration points obtained with blood room temperature over 
four-hour period. Thermostromuhr surrounded saline artificial circulation sys- 
tem. Curve calibration unit moist chamber showing effects angulation and 
movement unit its contained artery. Dots, points. angulation. 
Triangles, unit movements. 


heart rate (pump rate) from 300 per minute, and gross changes the 
pump stroke (curve not materially affect the calibration curve. 

Blood The viscosity blood normal, unanesthetized 
dogs, determined previous investigation (4), varies from 3.7 7.0, with 
most the values falling between 4.0 and the viscosity 
the circulation system altered from 8.4 2.8 adding subtracting red 
cells plasma adding saline, the calibration shifts about per cent 
fig. 2-B, curve 2). 


ACCURACY THE THERMOSTROMUHR 
Differences vessel and vitro calibrations the thermo- 
stromuhr unit the same artery calibration system can agree very closely, 
provided internal and external conditions are unchanged. For example, 
figure 2-C, curve with the unit and artery suspended moist chamber, 
the maximal error from the initial calibration curve over four hour period 
per cent. 

However, calibration the same unit applied different arteries arti- 
ficial circulation system may give calibration curves considerable difference, 
all other conditions remaining the figure 3-A, the extremes three 
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Fig. Part Calibration curves obtained with blood room temperature same 
thermostromuhr unit applied three different arteries moist chamber circulation 
system. 

Part Calibration curve carotid artery anesthetized dog with unit surrounded 
its normal complement tissue and ealibrated rotameter placed periph- 
erally and connected central end opposite vein. Dots—initial control points. 
points after drugs. 

Part Diagrams illustrating various flow patterns produced pump system and 
recorded orifice plate meter. D-2, and flow patterns similar those existing 
carotid, femoral, coronary sinus, femoral, and left coronary respectively, anesthetized 
dogs. pressure. flow. zero flow. 


calibration curves obtained moist chamber the same unit vary 
about per cent. 

Similarly, movements the thermostromuhr unit relative the artery can 
significantly affect the calibration curve. For the data figure 2-C, curve 
the unit was placed length carotid artery moist chamber and 
calibrated. Readings were then made, with the unit placed different positions 
along the distal half the artery, with the artery held different lengths, 
with the unit angulated 30° with respect the long axis the artery. 
The errors thus induced vary from 100 per should emphasized 
that movements the unit the same artery and the use different arteries 
may not always influence the calibration curve. 

Similar errors occurred experiments which the unit was calibrated against 
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rotameter anesthetized dog. Attempts make the contact more per- 
manent long continued application the unit artery dog have 
proved Units have been placed the femoral arteries dogs 
for two weeks and then calibrated vivo with rotameter. Slight changes 
(10 per cent so) the length the artery (manually induced) give points 
(30 per cent shift) compared control curve figure 1-C. 

Pattern the flow curve. demonstrated the orifice plate meter, the 
contour the flow curve various arteries the anesthetized dog different. 


reQquc nt jc 


the, right coronary flow always forward, 


artery (6) the anesthetized dog, and the human femoral (8) the presence 
zero flow and back flow components the usual finding, while the carotid 
and numerous other arteries these flow components can Such phasic 
alterations velocity and direction flow could conceivably the accuracy 
the unit. This has been tested the circulation system and the anes- 
thetized dog. 

circulation system, the flow curves, determined optically re- 
cording orifice plate meter, interposed distal and close the unit, range from 
those linear conformation, high and low velocity components, those with zero 
and back flows those simulating left coronary, carotid, femoral artery 
and coronary sinus pattern (for sample curves part general, 
variations flow velocity during mechanical cycle not grossly affect 
the calibration curve, provided the rate flow never approaches zero 
fig. part P-1, T-1, D-1, However, the velocity 
relatively low for considerable portion the 
the fast and slow components the cycle show great differences, D-4, 
the galvanometer indicates somewhat greater flow (fig. 4-A) than 
actually passing through the unit. Introduction periods zero flow existing 
for per cent more the (fig part T-4, reduces the galvanometric 
deflection considerably, and the error roughly the order per cent for 
each percent zero flow cycle time (fig. 4-A, dots). 

When small back flows (2-10 per cent volume) short duration 
(2-10 per cent time), figure part P-4, are induced are super- 
imposed already existing period zero flow (fig. part the error 
per cent (fig. 4-B). back flows spaced the same 
longer time period (fig. part P-5) give larger errors. However, the most 
striking effects have been seen flow patterns with small back flow volumes 
spread over considerable portion the figure 4-B, the circles, 
nected interrupted lines, were obtained with flow patterns which the 
portion the back flow was about per cent cycle 
time, and less than per cent volume. The error reaches few hun- 
dred coronary flow curves (fig. part taken 
from different experiments and with back flows per cent cycle 


flow curves represented were created combination various expedients, 
the description which beyond the scope this paper. 
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volume and per cent time, the apparent increase 
flow varies from per cent. (fig. 4-B). 

Similarly, the anesthetized dog, flow measurements means the ther- 
mostromuhr arteries which back flow known exist are attended 
large errors. figure part are shown typical results with use the 
femoral before (point and during (circles) late stages the effect 
the injection small amount epinephrine (jugular vein) contrasted with 
the control curve without back flow (dots and uninterrupted line) obtained 


GALVANOMETRIC DEFLECTION 


Fig.4. Part Effect near zero and zero flow calibration curve thermostromuhr. 
Points are from different experiments and curve assumed calibration from which recorded 
points are placed that same percentage error exists original experiments. 
indicate percent zero flow. Connected points are from same experiment. 

Part Effect back flow thermostromuhr Long curve—same 
part Numbers indicate percent back flow volume. For all dots, back flow 
from per cent time. Connected points are from same experiment. Circles, 
approximately per cent back flow volume spread over per cent time. 

Part Graph showing observations made with applied femoral 
artery anesthetized dog. Dots, control points when flow (adjusted clamp) 
from femoral artery femoral vein same leg and flow pattern contains zero back 
flow. normal flow through femoral artery containing periods zero flow and back flow. 
points after zero and back flow increased injection epinephrine (0.07 mgm.) 
jugular vein. Dotted line, trend deflection and blood flow after 
epinephrine injection. 


Numbers 


shunting femoral artery flow into its femoral vein. (Pattern and actual flow 
determined orifice plate meter and rotameter.) more complete picture 
(based number experiments) the trend the temporal relations 
actual flow and deflection (interrupted line) 
effects epinephrine injection further instructive. While the actual flow 
increases and then decreases, the galvanometric deflection decreases only, and 
its direction actually reverses with relation flow. manifest reversal 
the slope the curve. Orifice plate meter records indicate that back flow 
before injection diminishes near the beginning the flow increase, 
augmented flow begins drop, and becomes maximal lower flow levels. 


j | | | | | 
2 3 6 7 e918 2 3 7 2 3 s 


258 GREGG, PRITCHARD, ECKSTEIN, SHIPLEY, ROTTA, AL. 


This means that the effect the augmentation back flow has exceeded the 
effects decreasing flow, that the galvanometer registers flow increase, 
when actually flow decrease exists. 

Finally, the use the thermostromuhr another potential error exists, 
limitation flow the thermostromuhr per (9). 

Discussion. Various types thermostromuhrs are used quantitate 
blood flows. The differential temperature the two thermocouples, 


10-50% 


DIFFERENT ARTERIES 
BLOOD VISCOSITY 30-90 
MECHANICAL LIMITATION # 
CONTACT~ ANGULATION 
ZERO FLOW 20-55% 
BACK FLOW 
BACK FLOW 00-10% (A 
LARGE VESSELS NEAR JCTS 
EXT FLUID VISCOSITY 
SALINE VS TISSUE-WET COTTON 


NEAR ZERO FLOW 


ZERO FLOW 


CAPILLARY BEDS 


z 
oO 
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CALIBRATION 


\ IN VIVO ) 
\ IN VITRO 


INTERNAL EXTERNAL 


Summary chart illustrating the extent errors internal and external environ- 
mental origin which were found exist when thermostromuhr was calibrated vivo and 
vitro. Each bar segment represents two more observations. (A) Back flow per 
cent volume occupying per cent eyele time. (B) Back flow per cent 
flow taken from paper Shipley and Gregg (9). 


dicated the galvanometer, has been assumed accurate index flow, 
once the relation has been established calibration. assumes that es- 
sentially all, constant percentage the heat from the heater enters the 
blood stream, and that any one flow internal external influence affects 
this relation. this basis vitro calibration the thermostromuhr should 
give the correct blood flow values for galvanometric deflections obtained from 
the same unit applied vessel living animal. 

The data presented here not substantiate this assumption, but rather 
indicate that the differential temperature the couples reflects changes the 
internal and external environment the unit other than those induced 
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changes rate blood flow convenience, the percentage deviation 
the empirical flow from the actual flow that induced these variables 
summarized figure Among such effective influences are the position 
the unit the artery and its degree angulation with respect its con- 
tained artery; use different arteries; blood viscosity; the existence 
near zero, zero and back flows the pattern the flow curve; character 
fluid and material around the unit block, and the flow extravascular fluid 
and blood the capillary beds and larger vessels near the thermostromuhr. 
addition, the thermostromuhr mechanically limits flow through itself, pre- 
sumably without causing any changes the calibration curve. 

The effects these different factors may the errors 
range from 300 per cent; taken together, the error fantastic. However, 
should emphasized that many calibrations, some the errors will not 
exist, and the direction and magnitude the individual error will vary with the 
individual unit and conditions prevailing. 

vitro calibrations the same unit are found vary with the external 
environment, and all generally differ from calibration. 
the flow blood artery animal can only chance happening 
determined from unit applied which had been previously calibrated 
artificial circulation This so, because, for the same unit, 
indeed accident when vitro and vivo environments influence the differen- 
tial temperature-flow relations the same direction and the same extent. 
difficult understand the contrary viewpoint some (10, 11) that the 
practice obtaining calibration curve any vessel moist and 
pump system and readings made with the unit placed 
artery normal, unanesthetized dog permits errors than 
per cent. The experimental proof for such view has not vet appeared. 
view ignores the observations Baldes (3) that maximal and minimal values 
calibration curves for the same unit different arteries vary much 
per cent, the observations Grodins, Osborne, Ivy and Goldman (12) that 
vitro calibrations the same unit disagree sizable amounts from vivo 
calibrations the hepatic artery, and, finally, the potent and unpredictable 
effects calibration curve demonstrated here changes the external and 
internal environment. 

Our data indicate that the differential temperature the thermocouples 
the fails retain its calibrated relation flow the presence 
flow patterns containing periods near zero, zero, back flow, regardless 
flow the error many times greater than simple back flow/total flow ratio 
would indicate. Since, acute and chronic experiments, the volume and 

timing these flow components change with dynamic conditions, and such 
patterns cannot predicted and duplicated calibration system, calibration 
curves with quantitative significance cannot obtained for units when applied 
such arteries either vitro vivo. 
animal preparations also possible that the galvanometric deflection 
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will not always decrease the flow increases, and vice versa. the femoral 
artery the anesthetized dog which back flow has been shown occur under 
experimental conditions, injection constrictor drug may augment the 
back flow that the direction the galvanometric deflection will completely 
reversed with respect flow. Similarly, instances have occurred which, 
after unit had been applied coronary artery for many days, empirical 
flow values reasonable expectancy have been recorded which increase upon 
injection epinephrine. Yet, autopsy hour later revealed that the artery 
had been completely occluded, apparently for some short experiments 
few hours), however, and under most circumstances, the thermostromuhr 
will presumably indicate correctly directional changes flow, provided the 
blood flow all times forward, and time approaches zero. 

vivo calibration the unit should remove minimize some the errors 
associated with its use arteries exhibiting all forward flow, either acute 
chronic experiments. test this, the units were applied carotid arteries 
anesthetized dogs and the blood flow measured calibrated rotameter con- 
nected the artery peripheral the Since back flow can occur carotid 
flow patterns all forward flow was made certain these experiments 
shunting blood flow (controlled screw clamp) from the peripheral end 
the carotid the central end the severed jugular vein the opposite side. 
After the incision was closed and calibration curve obtained the unit, the 
carotid flow and galvanometric deflections were recorded for period from 
hours. times during this period the flow was altered various means, 
such drug injection. Any deviation the galvanometric deflection from the 
known flow through the unit the basis the preliminary calibration curve 
gives the extent error due the change environment. typical curve 
presented figure 3-B indicates the expected error may sizable, and varies 
from per cent. long continued experiments weeks) the 
error such vive calibration would expected much greater because 
the unknown amounts angulation, mechanical reduction flow the 
unit (in many instances enhanced due thickening the artery wall), altera- 
tions the external environment the unit occurring naturally, that also 
presumably induced the and anticoagulant used for final 
bration, and, finally, possible changes flow the vasa 

The fact that the vivo and vitro calibration curves for any one unit are 
approximately parallel, although not superimposable, suggests that percentage 
changes flow experiment can determined from any one these curves 
with fair The prerequisite that actual experiment the en- 

This suggested the observation that the apparent blood flow through thermo- 
stromuhr carotid artery anesthetized dog may shift appreciably with drug in- 
jections, despite the facts that the unit without contact with the surrounding tissue and 
fluid (‘‘moist chamber’’), any preexisting back flow zero flow eliminated from the flow 
pattern the procedure described above used for obtaining the data for fig. 3-B, the 


artery central the unit uncut and the actual flow through the unit measured 
rotameter and kept constant clamp the latter. 
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vironmental conditions and pattern the flow curve are well stabilized 
when under the rigidly controlled conditions for calibration. Presumably, 
this state approached experiments which flow vessel all times 
forward, and circulatory conditions the animal are 
difficult conceive changes blood flow through vessel, resulting from 
drug injection, alterations blood pressure, heart rate, without simultane- 
ous changes the immediate environment and/or flow pattern, with their 
attendant large effects the curve (ef. fig. part C). Since these 
changes necessitate the establishment new equilibrium, the true calibration 
curve longer remains fixed, but may actively shifting either left 
right, coincident with, but not caused the flow change the vessel. Thus, 
the true moment moment relation flow which 
applicable given series flow changes may longer straight parallel 
any previously subsequently obtained calibration curve. Hence, the 
percentage change flow cannot determined. 


SUMMARY AND CONCLUSIONS 


Direct current thermostromuhrs, with improved lacquers and 
have been applied the arteries dogs acute and chronic experiments. 
The units have been calibrated artificial circulation situ 
means rotameter. Tests made the circulation system and the an- 
esthetized dog indicate that blood flow values chronic experiments, read 
from vivo vitro calibration, may highly inaccurate because the re- 
lation the galvanometric deflection flow will vary with the artery used, 
and its degree stretch; the position and degree angulation the unit 
with respect its contained artery; the presence absence near zero, 
zero back flow the flow pattern the metered fluid; composition the 
immediate environment; movements extra- and intra-vascular fluid the 
environment, and viscosity the metered fluid. 

acute experiments application vitro calibrations not justified for 
the same reasons. vivo calibrations may allow semi-quantitative measure 
flow provided environmental influences are eliminated and flow all times 

Since, any one experiment, the and magnitude the effect 
most variables can neither controlled nor predicted, the conclusion reached 
that any interpretation deflections obtained with thermo- 
stromuhr acute chronic experiments terms absolute blood flow 
percentage change flow open grave question. 
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preceding paper (1) practical evaluation the accuracy the thermo- 
stromuhr (Baldes and Herrick type) has revealed that, changes environ- 
ment and flow pattern, sizable errors are introduced into its quantitation 
blood flow. clarify the modus operandi these factors the mechanism 
whereby changes galvanometric deflection reflect changes flow was studied. 

Since, with thermostromuhr this type, the galvanometric deflection 
varies with the differential temperature the two thermocouples, but the 
amounts deflection and flow vary opposite directions, logically con- 
cluded that the higher the flow the less temperature difference exists between 
the two thermocouples. evaluate the contribution individual couple 
temperatures this differential temperature special thermostromuhr unit 
was constructed for this and other studies. 

substitution for the ultimate use blood vessel thin-walled glass tube 
em. length I.D.—2.10 mm.) was permanently built 
into conventionally shaped unit (10 mm. broad, mm. long, and 3.5 mm. 
thick). The heater and couple elements were held contact with the outside 
the tube during the hardening the lacquer. The Bakelite block (BT48- 
005) and lacquer (BL-3128) used gave essentially transparent 
addition, the wiring was modified the following extent: The constantan con- 
nection between couples within the block was eliminated running the con- 
stantan wires directly through the block the outside, where connections 
could made for recording the temperature each junction 
ination this connection removed potential pathway for direct heat 
transfer the couples from the heater area. Also, the couples were placed 
equidistant from the flat sides the unit the floor the lumen where they 
would presumably least vulnerable environmental influences. reference 
thermocouple placed thermos bottle completed the galvanometer circuit. 

The unit, surrounded dry cotton, was connected pump system and 
perfused with acacia solution (spec. room temperature. 
sensitivity each couple was determined with reference the thermocouple 
the thermos bottle. 


The expenses this investigation were defrayed large extent grant from the 
Commonwealth Fund. 

Preliminary reports this work were presented before the American Physiological 
Society the Boston Meeting, April 1942 and before the Cleveland Section the Society 
for Experimental Biology and Medicine December 12, 1941. 
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figure 1-B are shown the elevations temperature [above that the 
perfusing fluid and environment (room the two thermocouples 
with three heating intensities and several rates flow through the unit. 
Also shown are what could called calibration curves representing the differ- 
ential temperatures computed subtraction. figure 1-A are plotted cor- 
responding temperatures the perfusion fluid opposite the two couples 
determined exploring thermocouples inserted the glass tube the level 
the standard couples and contact with the wall immediately over each. 

For purposes revealing the significance these curves, let assume that 
hypothetical state exists within unit which the cold upstream junction 


| <2 


Curves indicating temperatures fluid (above that incoming fluid) meas- 
ured immediately opposite the hot, and cold, thermocouples when thermostromuhr 
unit was with acacia solution (spec. 4.0-4.5) room temperature with heater 
currents 200 (3), and 400 (4) milliamperes. Ordinate: Flowinee./min. Abscissa: 
temperature rise 

Curves individual thermocouple temperatures same thermostromuhr with 
differential temperatures different flows and heating hot 
cold thermocouple; differential temperature. and 4—same figure 1-A. 
Ordinate and figure 1-A. 


and incoming fluid are the same temperature, and the hot downstream 
junction faithfully records all, constant proportion the temperature rise 
sustained the fluid passes the heater. The differential temperatures 
obtained would show that the flow doubled the deflection would decrease 
one half, thereby affording maximal That such optimal condi- 
tions not exist ordinary practice once apparent (fig. 1-A, 1-B). 
the temperature the cold junction not the same that the incoming 
fluid. Second, the temperature the hot junction does not vary inversely 
the flow, and therefore not entirely influenced the rate flow alone. And 
third, the temperature each junction considerably excess the tempera- 
ture the fluid passing each versus versus hg, concept 
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conceivable working distribution heat within thin sagittal section 
diagrammed figure 

would seem, therefore, that the great bulk heat reaching both the 
unit’s thermocouples supplied directly via the block. And since both couples 
are hotter than the passing fluid follows that changes the rate flow alter 
the differential temperature through corresponding changes the rate cool- 
ing both couples. The extent cooling depends primarily upon two inter- 
dependent factors: first, how hot the couple (determined the rate heat 
supplied from the block and the rate which removed the fluid) and, 
second, how cool the fluid (determined the temperature the fluid enter- 


TEMPERATURE 

Fig. Diagram concept gross heat distribution within thin sagittal section 
thermostromuhr text. Density stippling indicates relative temperature 
elevation. fluid; glass tube; Bakelite block; cold hot 
heater. 

Fig. Curves showing temperature rise thermocouples applied exterior thermo- 
stromuhr unit over the respective sites the internal thermocouples with external environ- 
ments air and water. thermocouple over hot junction; thermocouple over cold 
junction; temperature curves with unit surrounded air (dry unit sur- 
rounded water (water saturated cotton). Ordinate and abscissa—same figure 


ing the unit and the temperature rise sustained approaches the couple 
area). 

general, the heat gradient through the block extends centrifugally, with 
the heater its highest point (fig. During flow the axial ends the unit 
with their contained thermocouples, even though carefully placed equidistant 
from the heater, will not have the same temperatures because the greater 
cooling effect the unheated incoming fluid upon the upstream 
extent which the temperature the fluid opposite each Junction influences 
the respective junction temperatures with given change flow indicated 
the different slopes the junction temperature curves any given heating 
intensity versus ete.) (fig. 1-B). 
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The foregoing considerations indicate that calibration curve represents the 
relation the rate flow the differential temperature two thermocouples 
whose individual temperatures are determined the respective rates which 
they are cooled which, turn, are derived from the heat gradients between the 
heater and fluid stream the sites the thermocouples. 

Environmental influences, externally induced. The above study demonstrates 
that the influence the heater extends considerably beyond its immediate 
environment. sizable temperature elevation was observed the upstream 
junction, spite its proximity the incoming fluid (fig. 1-A). led 
the belief that variable amount heat would lost the outside environ- 
ment through the block, and thereby alter the thermal equilibria the two 
junctions. Accordingly, two thermocouples were lacquered the outside 
the block immediately over the sites the internal couples. After calibration 
the couples local temperatures were then recorded under rigidly controlled 
conditions with the unit surrounded first layer dry cotton and then 
water saturated cotton, room temperature. figure are plotted the ob- 
served temperature (above room temperature) the two outside 
thermocouples different rates flow. The change the environment 
from air water permitted significant drop the external junction tempera- 
tures indicating greater heat transfer the environment. 

estimate the total extent heat loss, the fractional transfer heat tothe 
fluid passing through the unit and the surrounding medium was roughly 
quantitated. heat generated within the unit was calculated according 
Joule’s law from the equation which 0.2, 0.3 
and 0.4, and 3.95, 4.15 and 4.28, respectively. The temperature rise 
the fluid was determined exploring thermocouple fixed the center 
plastic tube (inside mm.) and located mm. from the 
tube was then inserted from the downstream end into the glass tube running 
through the unit point mm. from the downstream edge the unit. 
The intervening length glass tube was packed with glass wool (to insure 
thorough fluid mixing) and surrounded with layers tinfoil and dry cotton 
minimize heat calibration the exploring couple, distilled water 
was run through the unit various rates and the corresponding temperature 
rises observed. The heat loss the environment was estimated indirectly 
subtracting the heat uptake the fluid from that generated the heater. 

Since Cal/Gm/Sec. numerically equal the temperature 
rise that flow and the temperature rise the fluid should vary inversely 
the flow, theoretical temperature for any flow may plotted. 
edly small heat loss occurred from the point which the fluid left the unit 
that recording. However, such losses are negligible compared those 
sustained the external environment the unit during its operation. 

figure are shown points representing rough quantitation the heat 
transfer the fluid passing through the unit different rates flow and 
three applied heating intensities. The extent heat transfer represented 
terms temperature elevation above that the incoming fluid (room tem- 
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perature). The interval separating the points from the curves (indicating 
theoretically optimal 100 per cent transfer) represents the degree heat 
loss via the block. 

While the heat losses environment quiescent air (dry cotton) are 
detectable but small, those water saturated cotton are sizable, averaging 
per cent over all ranges. Similarly, environment air with 100 per 
cent water saturation contrast with that muscle tissue 
results (points not shown) which were indistinguishable from those 
obtained above with room air versus water. Such differences could expected 
considering the different abilities these substances take heat per unit 
volume (water rise, air 0.0003 rise). 


TEMPERATURE mise- *c 7 t 


TEMPERATURE RISE- "C 

Fig. Graph indicating heat transfer water perfusing unit terms temperature 
elevation. Curves indicate theoretical 100 per cent transfer three heating intensitives. 
(For data see text.) Dots—thermostromuhr surrounded air (dry 
thermostromuhr surrounded water saturated cotton. and 4—same figure 
Ordinate and abscissa—same figure 

Fig. Graph showing temperature elevations individual thermocouples thermo- 
stromuhr with derived differential temperatures with external environments air (dry 
cotton) and muscle tissue. Heater current—200 MA. air environment; tissue 


From the foregoing, would seem likely that the thermocouples lying inti- 
mately close the passing fluid would particularly change 
environment. investigate this point the special unit for individual couple 
temperature measurements was placed pump system and the temperatures 
both couples together with the differential temperatures were determined 
with the exposed surface the unit surrounded dry cotton and then 
muscle tissue room temperature. 

seen figure the presence tissue depresses the temperatures both 
couples, but different amounts. Since the new temperature curves not 
parallel the controls, the major influence presumably the depression the 
couple temperatures directly, affording more rapid exit heat from the 
couple areas the external environment. 
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Such heat loss may become even more significant when units are applied 
animals. living tissue environment may not always considered fixed 
environment with the use dead tissue. Blood flow through the tissue 
may not only increase the total heat loss from the unit, but may selectively 
the area over one thermocouple more than the other (1). 

Influences, internally influences affecting the heat gradi- 
ents the thermal junctions are the presence zero flow, back flow 
bulence the fluid passing through the unit. 

previous paper (1) the presence zero flow the flow pattern caused 
diminution the galvanometer deflection, observed conventional unit. 
quantitate the changes the individual couple temperatures the special 
unit connection with pump system was used. motor operated valve 
permitted interruption and cessation flow for any desired period the 
Exact measurement the flow components could obtained from the record 
orifice plate meter (2) interposed the line. 

The effects per cent zero flow upon each the couples separately, to- 
gether with the net effect exerted upon the differential temperature curve, 
presented figure values are contrasted with the control curves 
obtained with uninterrupted flow. The obvious change the increase the 
temperature the cold junction. 

maintain the same flow per minute when flow ceases (zero flow) during 
part each cycle, the velocity the forward flow the fluid through the unit 
must greater than that which existed during the constant control 
der these conditions, the couple temperatures recorded represent means de- 
rived from rapidly changing heat gradients. Since the cooling effect the 
fluid extremely small when the flow zero and much larger during the 
necessarily greater forward velocity required give the same minute flow, 
the temperature each couple would expected vary with the alternating 
components the flow This was confirmed the extent observing 
mm. oscillations the galvanometer deflection synchronous with the 
interruptions flow. The ultimate mean temperature each couple there- 
fore determined the final mean position the rapidly changing 
gradients. The mean gradient about the cold junction has undergone the 
greater shift from the control level. The apparent indifference the hot 
junction should not regarded indicating its invulnerability such changes, 
but merely evidence closer balance the two opposing influences that 
site. 

That ordinary calibrations are not applicable the measurement flows 
having periods zero flow could have been predicted the basis the theo- 
retical consideration Burton (3) and the experimental findings Herrick, 
Baldes and Sedgwick the operation the Rein thermostromuhr 
revealed that flows small magnitude fail vary with the galvanometric 
deflection the relation which the galvanometric deflection, 
the flow centimeters per minute, and and are constants for the 
particular unit. Since Burton points out that the same would essentially hold 
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for the direct current thermostromuhr, conventional calibration higher 
flows, which the above relation does exist, therefore not applicable flows 
which part each has rate flow few hundredths centi- 
meter per minute, less (near zero zero flow). concur the conten- 
tion that the indicates cessation flow very small flows 
decreasing not only when such flows are prolonged, but also when 
either present the flow cycle. 
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Fig. Curves indicating temperature elevations individual thermocouples thermo- 
stromuhr with and without presence zero flow (35 per cent time) flow pattern 
fluid metered. Heater current—400 Dots—control uninterrupted flow. 
—35 per cent zero flow each cycle. and figure Ordinate and 

Fig. Graph showing the effects periods back flow the flow pattern the gal- 
vanometric deflections obtained with conventional unit plotted against 
flows measured graduate. Continuous line—calibration with uninterrupted flow, all 
other conditions remaining the same. For further see 
Abscissa—galvanometric deflection 100 mm. 


The effects produced the presence back flow the flow pattern 
are not dissimilar those discussed above. obtain such flow pattern the 
same schema was used for the study zero flow, except for the replacement 
the stopcock with short length resilient rubber tubing. For the 
tion the back flow the tubing was partially compressed and suddenly released 
motor operated lever arm. The proportion each the 
period back flow was measured from the record the orifice plate meter, 
while the volume back flow was determined calculating the volume 
“suck-back”’ into piece transparent plastic tubing attached the periph- 
eral end the system. 
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figure are shown galvanometer readings (differential temperatures) 
plotted against actual flows with various volumes back flow per cycle. The 
positions these points are contrasted with that the calibration curve 
obtained the presence uninterrupted flow under the same conditions. 
The number near each point represents the corresponding volume back flow 
per millimeters. Indicated interrupted lines are the positions 
which one would expect the calibration curve shift the presence the 
volume back flow per cycle noted below each. 

Back flows volume less than the volume fluid existing between the 
heater and the cold junction cu.mm. measurement) exert relatively 
small but definite effect the calibration curve. 

use the special unit and with the back flow volume per cycle kept 
near cu.mm. possible for the readings three flow levels, the shift 
the couple temperatures very similar extent that observed the pres- 
ence per cent zero flow (fig. 6), although the interruption the forward 
flow occupies only per cent the cycle galvanometer oscil- 
lations were again observed indicating that the couple temperatures were mean 
values resulting from the alternation least two different temperature 
gradients. 

The mechanism determining the gradients would appear slightly dif- 
ferent the case back flow since the fluid not only ceases flowing two 
points the cycle, but the two thermocouples reverse their orientation with 
respect the direction flow for certain part the cycle, the 
becoming and vice versa. consideration dealing with the 
interplay these rapidly changing and static states insofar they 
determine the temperature gradients around the couples would necessitate in- 
vestigation beyond the scope this paper. However, superficially back 
flow fluid carries already heated fluid past the areas from which received 
part its heat (fig. The relative cooling effect upon any given area de- 
pends upon the respective temperatures thé area and the fluid going it. 
The cold junction area, being relatively low temperature because its 
originally predominate upstream position is, therefore, particularly affected 
the reversal the warmed fluid stream. 

Theoretically, the thermostromuhr, when conventionally calibrated, in- 
capable quantitating flow the presence back flow. With the Baldes and 
Herrick Rein type unit the galvanometer deflection theoretically zero when 
flow zero. With equal amounts forward flow and back flow the total flow 
still zero, deflection zero and the mean flow zero. Hence, any amount 
back flow will presumably nullify neutralize definite extent the effects 
forward flow, but the recorded empirical flow not necessarily differ- 
ence, mean average the two flow components. calibration obtained 
vith flow proceeding one direction only obviously cannot applied de- 
lection values obtained under conditions which the flow periodically re- 
its direction. 

the literature (5, and discussion has been stated im- 
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plied that the presence turbulence the fluid metered constitutes im- 
portant source error. anticipation the possibility that zero flow and 
back flow effects could result from the coincident production turbulent flow, 
study the production and effects turbulence the thermostromuhr was 
undertaken. 

Turbulence, defined, state agitation confusion, and far can 
learned incapable quantitation. presumed, however, that when 
the conduct fluid passes through tubular structure deviates from 
progression, such state may then called turbulence. 

difficult determine what degree turbulence may exist 
flowing through blood vessel, owing the relative opacity the two sub- 
stances. obviate this, translucent transparent tubes glass, plastic, 
and rubber perfused with acacia solution (spec. 4.0-4.5) were substituted 
these studies. the acacia solution were suspended extremely fine alumi- 
num flakes (8) the amount 0.5 gm./L. Because the small size and 
weight the aluminum particles and the relatively high viscosity the medium 
appreciable settling was noted even the mixture were left undisturbed for 
several minutes. With this degree stability the conduct the particles 
observed microscope was assumed reflect fairly well the conduct the 
medium the immediate vicinity. 

First, attempts were made visualize what extent turbulence might exist 
under conditions similar those small arteries vivo. thin, translucent 
walled rubber tube mm. diameter was constructed simulate 
conformation and elasticity small tortuous artery (fig. 8-A). The acacia 
mixture was pumped through this artificial artery that the pulse waves 
gave rise pulsatile expansion, flexion, torsion, and elongation the tube. 
observed through microscope, turbulence was noted within the tube 
with flows 100 ce. per minute. Angulation and indentation this and 
other tubes equal bore the extent shown figure 8-B, failed 
induce visibly turbulent flow beyond the deformity. 

While turbulence not readily obtained under such conditions tubular 
structure this size more abrupt constrictions the bore (fig. 8-F, set 
marked degrees whirling turbulence the slower moving fluid immediately 
beyond. (These are not dissimilar those which may exist during 
vitro calibration unit.) 

Having produced definitely turbulent flow somewhat unnatural means, 
the effects upon the thermostromuhr were next special unit was 
constructed similar that used above, but with conventional wiring and with 
such precautions afford maximal transparency through all portions for 
observation under microscope. the upstream end the glass tube, run- 
ning through the unit, plastic ring (similar that shown fig. 8-G) was 
placed mm. from the upstream edge the unit. During perfusion with the 
acacia mixture turbulence was seen exist opposite the area the cold 
tion, but change the galvanometer deflection from the control reading 
was observed. Moving the ring positions and mm. from the edge 


the unit permitted extension the turbulence further into the unit resulting 
the respective shifts the deflection from the control calibration shown 
figure appearance and extent the turbulence several flow levels 
has been diagrammed for one series (fig. 

Attempts obtain similar effects under somewhat less abnormal conditions 
failed. conventional unit was applied snugly fitting artery segment and 
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Fig. and diagrams illustrating conformation and deformities tubes 
through which the passage fluid under conditions described text gave rise ob- 
servable turbulent flow. diagrams illustrating abrupt changes bore tubes 
means which decidedly turbulent flow was and appearance flow 
showing nature turbulence and its relation the thermocouples and heater elements 
observed through.a transparent thermostromuhr unit. Letters correspond flow levels 
denoted same letters figure relation the curve indicated squares. cold 
junction; hot heater. 

Fig. Graph showing effects demonstrable turbulence within thermostromuhr unit 
upon the deflection. Dots and uninterrupted the ab- 
sence turbulent flow. ring placed mm. from upstream edge 
which turbulent patterns shown figure were placed mm. 
from upstream edge unit. Ordinate and abscissa—same figure 


calibration the artery the point entrance into 
the unit 90° less failed shift the deflection any flow level, 
provided precautions were taken prevent variation artery contact through 
such manipulation. Without these precautions such angulation the down- 
stream end alone induced marked effects, thereby dismissing turbulence within 
the unit the causative factor. 
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Lastly, the ring was removed and the pump system re-arranged 
deliver flows with either zero flow back flow through the unit. Direct ob- 
servation revealed nothing suggestive turbulence any part the cycle, 
with wide variations the amount zero flow back flow. 


believed that the numerical data presented this paper are applicable 
the factors they delimit insofar they indicate qualitative and directional 
changes. Since any quantitative data are applicable only given unit 
under given conditions, the significance the data the foregoing 
experiments therefore only for the unit and conditions described. 


SUMMARY 


the application the direct current thermostromuhr the Baldes and 
Herrick type the measurement blood flow, several factors other than the 
rate flow were found influence the empirical flow readings, namely, 
changes the environment the thermostromuhr unit, the presence zero 
flow, and back flow the flow pattern (1). 

The mechanism operation the thermostromuhr was examined from the 
standpoint qualitative changes produced the heat gradients about the 
thermocouples. Fundamentally, the thermocouples, heated primarily direct 
conduction through the block from the heater area are the fluid pass- 
ing through the unit since their individual temperatures are found greater 
than the corresponding adjacent fluid passing each. The extent which 
each couple thereby heated and cooled relation flow determines the 
differential temperature and therefore the galvanometer deflection any 
flow. The latter relation constitutes the so-called calibration. 

Changing the external environment unit was found alter the thermo- 
couple temperatures through changes the rate heat loss the environ- 
ment. 

concluded that any calibration thermostromuhr unit applicable 
the operation the unit only under environmental conditions identical 
those under which the calibration obtained. 

This also applies internal environmental changes where the presence 
zero flow back flow the flow pattern the fluid metered renders worthless 
the empirical mean flow values read from conventional calibration. Such 
apparent incompetence the thermostromuhr the direct result 
warranted application inappropriate calibration rather than evidence 
inherent physical 

Turbulent flow and its influence upon the operation the thermostromuhr 
were examined under several abnormal conditions. believed that the extent 
which turbulence may naturally exist small, healthy blood 
insufficient produce effects worth consideration the face more demon- 
strable influences which impair the accuracy the instrument. Indeed, 
turbulence appreciable magnitude does times the arteries normal 
animals, there even less possibility detection control than exists the 
presence other various influential variables. 
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Since exaggerations normal processes often result pathological conditions, 
would surprising the humoral mechanism involved renal hypertension 
did not have physiological counterpart. appeared likely that this mecha- 
nism would evoked various emergencies altering renal circulation, and 
therefore constitute important homeostatic factor. 

Wakerlin and Chobot (1939) and House and Wakerlin 1941b) found 
evidence for specific the kidney the regulation normal blood 
pressure. preliminary abstract Hamilton and Collins (1941) found that 
the kidneys are responsible for pressor material which aids the maintenance 
arterial blood pressure during hemorrhage. present paper amplifi- 
cation and extension these results. about the same time Sapirstein, 
Ogden and Southard (1941) found that blood taken after hemorrhage had 
renin-like action guinea-pig ileum; the responsibility the kidney for the 
development this property was not established. 

Fifty-seven experiments were performed mongrel dogs. 
animals were anesthetized, usually with alpha-chloralose given intravenously 
per cent solution (in Locke’s fluid without glucose). The initial dose was 
per kgm. body weight, and more was given when necessary certain types 
experiments. Combined morphine-chloralose anesthesia was used occasion- 
ally. Recipients, used test animals, were anesthetized above with 
sodium pentobarbital. Mean arterial blood pressure was recorded from the 
carotid artery with mercury manometer. All procedures involving the renal 
vessels, kidneys adrenals were done through the retroperitoneal approach. 
Heparin was added blood used for tests reinjection. Blood was tested for 
pressor activity observation the changes blood pressure resulting from 
injection into small, nephrectomized dog. The blood was introduced body 
temperature from burette into the left femoral vein, while the same amount was 
withdrawn synchronously from the right femoral artery; changes the blood 
volume the recipient were thus avoided. Renal venous blood was obtained 
from the donor means bent hypodermic needle attached syringe. 
Great care was taken avoid any renal congestion ischemia. Blood was 
also taken from the femoral artery and few cases from the inferior vena cava. 
The samples were tested shortly after they were taken. 

1.) Samples blood taken before hemorrhage from either the renal vein 


This investigation was aided grant from the American Philosophical Society. 
275 


TABLE 
Pressor responses from the blood animals subjected hemorrhage 


All tests were made nephrectomized recipients. The hemorrhages were not made 
constant rate; the time between sampling and the end hemorrhage varied; different 
amounts chloralose involving variations fluid volume were given before hemorrhage. 
signify that the samples were taken from the renal vein, femoral artery, and 
inferior vena cava. 


CONTROL BLD. AFTER HEMORRHAGE 


B.P. 


Vol. of 


Rise 
sample 


Intact animals 


cc. mm. He mm. Hg 


36R 

Manipulative renal ischemia 
47R B.P. donor rising 

32R B.P. donor rising 


Renal denervation 


died soon after sample 
20R Donor died sample was taken 
42R 
42A 
42A 


30CV Dog died sample was taken 


femoral artery the donor gave insignificant pressor responses. The results 
following hemorrhage will considered separately the various types 
experiments. 
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intact animals were first studied (table About one hour after 
hemorrhage (34-45 per kgm. body weight) bloods from the renal vein 
and femoral artery gave rises and mm. respectively. 
many cases the reactions were renin-like, and persisted 
other cases the elevations blood pressure lasted and 
approximated, therefore, the duration angiotonin difference 
the duration the responses was not related the magnitude the rise. 
two experiments and 6), where the blood pressures were relatively high 
the time sampling (100 and mm. Hg), blood from the renal vein pos- 
sessed much greater activity than arterial the other experiments 
this group and also those performed adrenalectomized dogs 
the blood pressures were lower and the renal arterio-venous differences less. 
one intact animal (expt. 8), which the blood pressure was continuously 
falling, samples taken mm. showed arterio-venous difference. 

one experiment (table with renal denervation hemorrhage resulted 
good pressor responses. This finding indicates that the 
pressor material does not depend entirely connections with the central 
nervous system. 

The renal arterio-venous differences obtained suggest that the source the 
pressor material the kidney. The following experiments give conclusive 
proof for renal origin. six acutely adrenalectomized dogs hemorrhage 
uniformly resulted the appearance pressor material (table three 
additional experiments both kidneys and adrenals were removed, and several 
arterial samples were tested during the progress the 
material failed appear even with lethal hemorrhage. the adrenal- 
ectomized animal the kidney essential for pressor The contribution 
which the adrenals may make similar hypotension was determined three 
nephrectomized animals with intact two cases blood from the 
vena cava near the orifices the phrenico-abdominal veins gave epinephrine-like 
responses (expt. 20) and (expt. 21) mm. Hg. The arterial sample 
experiment taken immediately before death gave transitory min.) 
epinephrine-like rise mm. Hg, and was the only arterial blood which showed 
pressor activity. 

Effect the kidneys the ability maintain arterial blood pressure 
hemorrhage. this renal humoral mechanism important homeostasis, the 
ability maintain blood pressure hemorrhage should impaired the 
absence renal circulation. Observations were made twenty-four dogs, 
anesthetized with chloralose. Since was necessary avoid inequalities 
fluid administration, only the initial dose chloralose was given. 

Observations the blood loss necessary lower the blood pressure mm. 
were made eight dogs with intact renal circulation and four 
tomized dogs used primarily for study renin tachyphylaxis. Four the 
animals with intact kidneys were subjected sham-nephrectomy, consisting 
bilateral renal exposure and manipulations the wound. The hemorrhage 
consisted repeated bleedings. The blood pressures the nephrectomized 
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animals were lowered mm. hours, while the intact animals the 
hemorrhage extended over hours although there was greater blood loss 
faster rate. The blood losses centimeters per kilogram body weight 
were follows: group with intact kidneys and 44.2, 
58.6, 45.4 (average—48.6); sham-nephrectomized 50.3, 45.3, 51.1 
nephrectomized group—42.8, 23.6, 37.6, 36.6 

More carefully controlled studies were made twelve additional dogs (4.5- 
11.1 kgm.). animals the renal vessels and ureters were tied with little 
disturbance possible the nerves, and the kidneys were left situ. 
operations were performed the remaining six dogs except that renal circulation 
was left intact and ureters were not tied. The animals were then bled; the rate 
and total amount blood loss were rigidly constant (fig. falls blood 
pressure occurred earlier and were greater the dogs with interrupted renal 
circulation. Shortly after the last bleeding the average difference blood pres- 
sure the two groups was mm. Hg. Half the animals without renal 
circulation died shortly after completion hemorrhage, while fatalities 
occurred the other group. Since the procedures involved minimal dis- 
turbance the adrenals, unlikely that injury these organs played 
role these differences. 

Thus intact renal circulation aids the maintenance arterial blood pres- 
sure hemorrhage, and thereby constitutes important compensatory 
mechanism. 

Tachyphylaxis extreme hemorrhage. Since repeated injections renin 
result tachyphylaxis, appeared possible that the renal compensatory mecha- 
nism might become crippled severe, prolonged hypotension. 
were therefore performed test the hypothesis that severely bled animals 
should become injected renin because their kidneys had liber- 
ated large quantities this material. 

The blood pressures ten dogs with intact renal circulation and six 
tomized animals were lowered and then maintained hemorrhage shock 
levels (60-30 mm. Hg) for about hours.- The pressures the intact and 
the nephrectomized dogs were maintained about mm. for and 
minutes respectively. Test doses epinephrine (0.2 1:5000) 
and renin® (0.1 were given intravenously before hemorrhage and after the 
period hypotension. Blood was returned when necessary prevent death. 
most cases blood Locke’s fluid was administered before the final injections, 
since renin was not given until the animal was capable responding vigorously 
epinephrine. After hemorrhage the responses renin dogs with intact 
renal circulation were either absent markedly reduced, while the 
tomized animals the average response was slightly greater than its control. 
Figure composite diagram illustrating the findings. The results only 
eight the sixteen dogs are included since sham-nephrectomies were not done 
some and others renal denervation was performed. However, the results 
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the eight excluded dogs coincided with the others. The difference the 
response renin after hemorrhage dogs with and without renal circulation 
occurred spite the following conditions: the average response epi- 
nephrine was about equal both groups; pitressin gave vigorous responses 
both groups; the intact animals had higher average blood pressure just 
before injection renin; the nephrectomized animals had been subjected 
longer and more severe hypotension. 

The occurrence increased responses renin following the bleeding some 
the nephrectomized animals not surprising. Wakerlin and Chobot (1939) 
have reported that nephrectomy increases the dog’s reactivity renin even 
hours. have confirmed this observation three dogs anesthetized 
with chloralose. While this potentiation complicates the interpretation our 
experiments, the findings suggest that the intact animal subjected severe 


160 


Fig. Composite the blood pressures dogs which the renal vessels and 
ureters were tied and dogs with corresponding 

Fig. Diagram showing the average change blood pressure nephrectomized and 
dogs response injections epinephrine and renin before 
and after severe, prolonged hypotension produced hemorrhage. The figure the top 
each rectangle the average, mean blood pressure just before the injection. 


hypotension for some time fails respond well renin because his kidneys have 
been liberating relatively large quantities this interesting that 
under similar conditions hypotension small renal arterio-venous differences 
pressor activity were found. 

Three intact animals with less severe hemorrhage, per kgm. body 
weight (included fig. 1), were tested with renin before hemorrhage and one 
hour after its completion. two animals the blood pressures fell and 
mm. the end the bleeding, and then climbed was 
injected when the pressures were 113 and mm. respectively, and the 
responses were undiminished. Thus when the blood pressure was relatively 
high and compensation was occurring, tachyphylaxis was not the 
third dog the blood pressure fell mm. Hg, returned 94, and then fell 
slowly to78 mm. Hg. The response renin was only mm. compared 
the control response mm. Hg. 

Histamine. The pressor activity the blood three intact and three 
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acutely adrenalectomized dogs was studied. order maintain the blood 
pressure shock levels (usually between and mm. Hg) histamine was 
injected divided doses (one exception) into the external jugular vein. The 
intact animals required total 1.06 1.59 mgm. per kgm. body weight, 
while only 0.147 0.417 mgm. per kgm. was required the adrenalectomized 
dogs. Blood removed sampling was replaced with blood from the recipient. 


TABLE 
Pressor responses from the blood animals during histamine hypotension 
All tests were made nephrectomized recipients. Repeated doses histamine were 
often given maintain hypotension. Source sample: femoral artery blood, 
renal vein blood. 


CONTROL BLD. AFTER HISTAMINE 
WT. 
sample hypotension sample 


Intact dogs 


hrs.:min. ce. Hg mm. Hg 
removed 


2 


dogs 


The production pressor material occurred all cases, and was evident 
arterial blood early hour after the initial dose histamine (table 2). 
experiments where successive arterial samples were taken was noted that 
the pressor activity increased with the duration the hypotension. Although 
the hypotension was equivalent degree and length that severely bled 
animals, large renal arterio-venous differences were found about half these 


cc. mm. Hg kgm. 
15.1 
4.0 
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experiments. fall blood pressure, presumably due histamine, was 
obtained from two early blood samples dog with bloody diarrhea (expt. 2). 
Otherwise the presence histamine was not detected recipients even, 
one early eight minutes after histamine injection 2.3 mgm. into 
the the renal source the pressor material was established 
two the adrenalectomized animals; removal their kidneys resulted the 
disappearance pressor activity from arterial blood. 

Adrenalectomy. the present investigation fifteen dogs were adrenalec- 
tomized primarily eliminate the liberation epinephrine. However, during 
the hours following adrenalectomy additional interesting and surprising 
findings were observed which warrant reporting. 

Since the removal both adrenals one operation often causes 
special care was taken select dogs excellent condition. After operation 
the dogs were left undisturbed for about hours before control renal and 
femoral samples were taken. Control bloods three these animals caused 
marked falls the blood pressure the recipients. Donor had pressure 
mm. Hg. after withdrawal the samples. When the renal sample was 
injected into nephrectomized recipient, the blood pressure fell 130 mm. Hg, 
and remained low for long time. However, the femoral sample produced 
depression after standing 37°C. for hours, but the donor’s blood 
showed depressor activity (fall mm. Hg) hours after adrenalectomy. 
Donor had blood pressure mm. after withdrawal control samples. 
The recipient’s pressure fell mm. after injection the renal sample, 
and remained depressed. later sample, taken hours after adrenalectomy, 
showed depressor activity. When total blood per kgm. body 
weight had been removed from this donor, sample renal vein blood, 
obtained hours after adrenalectomy, produced rise mm. the 
recipient’s blood pressure. Withdrawal this sample caused death the 
animal. control arterial sample donor produced fall mm. 
the recipient, and another sample taken hours after operation still showed 
depressor activity. Cross agglutination tests were made this experiment, 
and the bloods were interesting that small amounts blood 
(42 from donors whose blood pressures were above shock levels gave extreme 
falls nephrectomized recipients. 

the assumption that the liberation depressor material resulted from the 
surgical technique, the remaining adrenalectomies were performed under deeper 
anesthesia, the phrenico-abdominal veins were first ligated, and the other ves- 
sels, nerves, and tissues were severed electro-coagulation instead liga- 
tion and cutting. The blood ten dogs adrenalectomized this improved 
technique showed depressor activity. spite blood pressures within the 
normal range, adrenalectomized dogs were very sensitive hemorrhage and 
histamine. The withdrawal cc. blood per kgm. gave sharp falls blood 
pressure with little tendency toward recovery, while most intact animals showed 
little change after the loss ec. per kgm. one bleeding. Regardless 
the degree hemorrhage, when the blood pressures the adrenalectomized 
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animals were reduced low level, the renal arterio-venous differences 
pressor material were small. Finally, adrenalectomized dogs, compared 
with intact animals, required only about much histamine maintain their 
blood pressures between and mm. Hg. Since the histamine was given 
hours after the adrenalectomy, this marked sensitivity developed 
within this period. 

Discussion. Our experiments demonstrate that the kidney 
for the development pressor activity blood both after hemorrhage and 
after histamine injection. These findings and the report Taquini (1938) 
that vasoconstrictor properties appear renal vein blood after asphyxia suggest 
that the renal humoral mechanism may involved wide variety emergen- 
cies. The kidney thus endocrine gland, and its internal secretion 
liberated various types stress. That the kidney aids homeostasis 
shown the observation that absence renal circulation impairs the ability 
maintain blood pressure hemorrhage. 

have made consistent attempt determine threshold values for time 
degree hypotension necessary evoke the renal 
activity was noted arterial blood after hour hypotension, but consider- 
able pressor material might have been produced before could detected 
arterial blood our method. The experiments concerning the effect 
intact renal circulation the ability maintain blood pressure suggest that 
the renal mechanism may operate after relatively mild renal 
mals without renal circulation showed marked drop blood pressure shortly 
after the initial bleeding cc. per kgm. body weight, while the fall was 
relatively small intact dogs. This early involvement the renal humoral 
mechanism consistent with data from studies renal hypertension. Verney 
and Vogt (1938), Braun-Menendez and Fasciolo (1939), Friedman, Seltzer and 
Sampson and others have reported that only short period partial 
constriction the renal artery (in some instances few minutes) necessary 
before the blood pressure the animal rises vasoconstrictor material can 
detected renal vein blood. 

Our tachyphylaxis and the observation that blood after hemor- 
rhage has renin-like action ileum (Sapirstein, Ogden and Southard, 1941) 
suggest but not prove that the humoral mechanism involved our experi- 
ments the renin-angiotonin system. The nature this renders 
susceptible factors affecting either the liberation renin the availability 
renin-activator. The liberation renin would determined the degree 
and duration the change renal circulation. Both epinephrine and the 
renal vasomotor nerves are capable affecting renal circulation, and may thus 
influence renin liberation. While adrenalectomy renal denervation did not 
prevent the eventual development pressor activity result hypotension, 
believe that these procedures may have quantitative effect. 

Continuous infusions appropriate amounts renin produce excess 
renin the blood and diminution renin-activator, followed tachyphylaxis 
and disappearance the initial pressor effect (Page, our experi- 
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ments hemorrhage, tests nephrectomized recipients demonstrated the 
continuous presence renin-like material the blood donor animals sub- 
jected severe, prolonged hypotension; animals under this condition developed 
injected renin. Exhaustion renin-activator would accel- 
erated the loss blood containing this substance. Furthermore, the 
pressor activity arterial blood approached that renal vein 
ever, tachyphylaxis was not evident and large renal arterio-venous differences 
were observed when the blood pressure was well above the critical level after 
hemorrhage. Under this condition the renin-angiotonin system presumably 
operating, since large renal arterio-venous differences and absence tachy- 
phylaxis were observed Page (1940, 1941) experimental renal hypertension. 
the histamine experiments, large renal arterio-venous differences were still 
present about half the animals after hour more similar hypotension. 
This finding may explained smaller loss renin-activator; there was 
blood loss, and blood removed sampling was replaced blood rich activator 
(i.e., from nephrectomized animal). 


SUMMARY 


The pressor activity arterial and renal vein blood was studied deter- 
mining the change blood pressure resulting from injection into nephrec- 
tomized recipient. Control samples did not possess significant pressor activity. 
After hemorrhage pressor properties consistently appeared blood from normal 
dogs, from adrenalectomized dogs, and from one animal with denervated kid- 
neys. The pressor responses the recipient were often renin-like, persisting 
reactions equal magnitude were shorter, their dura- 
tion approaching that responses angiotonin. Similar observations were 
made dogs injected with sufficient histamine lower their blood pressures 
shock levels. That the kidney was responsible for the 
pressor activity was indicated two findings: renal vein blood usually gave 
greater responses than the corresponding arterial blood; pressor reactions 
were obtained from the blood adrenalectomized dogs, but not from dogs with 
both kidnevs and adrenals removed. 

The absence renal circulation impaired the ability dogs maintain 
arterial blood pressure hemorrhage. 

The above findings indicate that either hemorrhage histamine evokes 
humoral mechanism the kidney and that this mechanism aids the mainte- 
nance arterial blood pressure. 

Intact animals whose blood pressures had been maintained hemorrhage 
shock levels for about hours reacted poorly not all injected renin. 
group nephrectomized dogs under similar conditions gave average 
response renin which was slightly greater than the response before hemor- 
rhage. These findings suggest that the kidneys may liberate enough renin 
cause tachyphylaxis and thus disable their own compensatory mechanism. 
Under similar circumstances responses from arterial blood closely approached 
those from renal vein blood. With less severe hypotension and evident 


pensation, tachyphylaxis renin was not observed, and large renal arterio- 
venous differences were present. 

Marked falls blood pressure were produced acutely adrenalectomized 
dogs relatively mild hemorrhage small histamine dosage. This increased 
sensitivity was evident hours following adrenalectomy. 

Falls blood pressure shock levels occurred the recipients upon injec- 
tion control blood dogs, acutely adrenalectomized ligation and cut- 
ting the nerves and vessels instead electro-coagulation. 

wish express our appreciation for the valuable technical assistance 
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The inhibitory effect fat gastric secretion and motility has been well 
established and the mechanism this action has been the subject numerous 
investigations (9). Little attention, however, has been given the 
fat the reaction the duodenum (7, 11), especially regards the acidity 
changes this area during the period active digestion the 
less known the changes the reaction and neutralizing ability the con- 
tents the duodenal bulb following the use fat. The latter some 
practical importance inasmuch fats have been advocated useful agents 
the management patients with duodenal ulcer primarily because their 
gastric inhibitory action. 

This study was undertaken for the purpose some knowledge 
the effects fat the acidity and neutralizing ability the contents the 
first part the duodenum. was hoped that comparison with the action 
other foodstuffs studied similar manner (2, some conclusions could 
drawn concerning the influence the type food undergoing digestion the 
acidity the duodenal was further hoped that such comparison 
would help determine whether not there close correlation between the 
acidity the gastric and the duodenal contents. 

Dogs, prepared with cannulated and duodenal fistulas 
(10, 13), were trained and maintained described previously the 
previous study, and free and total acidity were measured fractional 
samples removed simultaneously from the pyloric antrum and the duodenal 
bulb minute intervals for hour the fasting state and for hours after 
the beginning the meal and hour intervals for additional hour. 
excess neutralizing ability the duodenal contents was likewise estimated 

representative fat regular table cream (20 per cent fat) was selected. 
This was given 500 quantities duplicate the amount beef extract 
solution utilized another but similar study The cream was fed all the 
dogs with the exception one dog who refused drink the entire amount, 
requiring introduction the remainder through the gastric instillation tube. 
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Twenty-three experiments were performed dogs. all 2886 different 
observations were made consisting 874 determinations pH, 804 measure- 
ments free acid, 803 measurements total acidity and 405 measurements 
the excess neutralizing ability the duodenal contents. expressing the 
results the specimens collected the fasting state were averaged obtain 
single fasting value. 

terms both the stomach and the duodenum was decidedly less 
than that following carbohydrate (2) protein-histamine meal Not 
only was the average gastric but the range values was wider 
than that encountered after the other meals. 

the duodenal bulb especially the decrease hydrogen ion concentration was 
striking. The average post-meal value here was roughly full unit 
greater than that after the meat extract-histamine meal and unit greater 
than the average following the Ewald meal. The comparative depression 
duodenal acidity further emphasized the fact that only 1.1 per cent 
all the post-cream meal specimens were positive for free acid (pH 3.5 less) 
(3), whereas 16.4 per cent all the duodenal post-Ewald meal samples and 
26.5 per cent all those following the Liebig’s extract-histamine stimulation 

Lack correlation between gastric and duodenal acidity again seen the 
more less stabilized the duodenum the same time that the stomach 
contents display rising hydrogen ion concentration. 

The total duration the post-meal observation period was hours. Our 
failure note any secondary stimulation secretory activity such 
described Babkin (1) after the feeding fat along with other foods perhaps 
due the fact that our observations were not continued long enough. 

Free was expected, the gastric free acid values were 
decidedly lower than following other types meals studied previously (2, 4). 
Not only was the average value less but the range all the readings obtained 
was only half that seen with bread meat extract-histamine stimu- 
the previously noted lack uniform correlation between 
the several indexes acidity (2, the relatively stable value for 
average free acid compared with the steady increase the average hydrogen 
ion concentration. 

The free acid values the contents the first part the duodenum afford 
arresting evidence the marked contribution which cream makes the neu- 
tralizing power the contents this region. Although 
measurements showed the presence free acid small percentage the 
samples, the indicator method failed reveal free acid any the post-meal 
duodenal samples contrast with the demonstration the same 
method free acid 2.6 per cent the post-Ewald and 13.1 per cent the 
post-meat extract-histamine specimens respectively. must admitted, 
however, that the recognition the presence free acid through the use 
Toepfer’s reagent duodenal samples containing cream difficult and probably 
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erroneous readings were made some instances even though attempted 
remove the fat centrifugalization. 
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Fig. Acidity units samples collected simultaneously from just above and just 
below the pylorus. 


might well point out what others have previously remarked (5), 
namely, the absence free acid does not bespeak neutralization the chemical 
sense. This illustrated the fact that the average the duodenal con- 
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tents never exceeded the neutral point 7.0 despite the persistent anacidity 
measured Toepfer’s reagent. 
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Fig. Free acid determined samples collected simultaneously from just above 
and just below the pylorus. 


Total might expected the average total titrat- 
able acidity the gastric contents less following the exhibition fat than 
after the use the other foodstuffs. the first part the duodenum, how- 
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ever, spite the higher values the average total acidity found 
titration about equal that found after meat extract-histamine stimulation 
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Fig. Total acidity samples collected simultaneously from just above and just below 
the pylorus. 


and greater than that subsequent carbohydrate-water stimulation. Most 
the values, furthermore, cluster about higher range than those with either 
the other stimuli. This may represent the effect the buffer action the 
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soaps contained the duodenal contents result the interaction between 
the fatty acids and the alkaline salts the secretions. 

The curve obtained plotting the average values duodenal total acidity 
simulates slightly, all, that seen the stomach and the latter part 
the post-meal period diverges from relationship emphasizes 
further the lack constant close correlation between the acidity simulta- 
neously determined the pyloric and the duodenal contents. 

peculiar phenomenon whose explanation not clear the initial rise 
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Fig. Excess neutralizing ability the contents the first part the duodenum. 


total acidity the duodenum the first minutes postprandial compared 
with the initial fall total acidity the stomach during the same period. 

Excess neutralizing ability the duodenal defined and 
described previously (2, 3), the excess neutralizing ability the contents 
the duodenal bulb measure the reserve capacity which these contents 
possess neutralize, buffer and dilute the chyme received from the stomach 
above that necessary offset the free acid content. was estimated add- 
ing N/100 hydrochloric acid sample the strained, admixed duodenal 
contents containing Toepfer’s reagent until the color end point used for the 
titration free acid was reached. 
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The average excess neutralizing ability the duodenal contents was little 
greater than that after the Ewald and beef extract-histamine meals; the range 
the values was great with the bread and water stimulus and most 
the values clustered about higher range than those following the other meals. 
Moreover, none the specimens failed (colorimetrically) show some excess 
neutralizing capacity, whereas 2.7 per cent the and 13.8 per cent 
the post-Liebig’s extract-histamine meal samples displayed absence 
this reserve capacity. 

remarkable finding was the abrupt initial rise the average value the 
excess neutralizing ability during the first minutes This observa- 
tion coupled with the initial rise duodenal total acidity without any marked 
change the duodenal during the same period suggests the presence 
excess efficient buffer the duodenal contents the time. 

The inhibitory effect fat gastric secretion has been long 
appreciated and amply verified that the observations made this study 
merely lend added confirmation that action. 

One (11) previously provided evidence that fat (olive oil beef fat) 
modifies gastro-intestinal activity such manner render the duodenal 
contents neutral only slightly acid determined the the contents 
removed from point about inches the investi- 
gators have likewise demonstrated similar decrease hydrogen ion concen- 
tration approximately the same portions the duodenum following the feed- 
ing fat dogs (7) and man enhanced neutralizing capacity 
the duodenal contents the same area has also been shown after fat meal (7). 
great interest us, therefore, that this study demonstrates similar 
diminution acidity and increase neutralizing ability the contents 
the first part the duodenum—an area even greater clinical interest from the 
standpoint ulcer. 

has been assumed that the inhibitory influence fat gastric secretion 
probably mainly responsible for its effect duodenal (7, The 
lack any close correlation between the gastric and duodenal total acidity 
well the apparent independence the duodenal and the titratable 
gastric acidity has been emphasized the description our results. Such 
findings suggest that the degree gastric acidity not quite dominant 
factor determining the duodenal reaction has been considered. The 
effective acidity (hydrogen ion concentration) the contents the duodenal 
bulb following cream meal probably resultant the interaction several 
factors chief among which are the amount acid entering from the 
the degree pancreatic response (8), especially bicarbonate; the buffer 
effect the soaps formed the duodenum; the amount weak, fatty acids 
contained; and the diluent effect the meal. 

Cream exerted greater depressant duodenal acidity both regards 
the average values and the distribution curves than did meat (12), 
hydrate (2) Liebig’s extract and histamine (4). Moreover, appears that 
cream has even greater effect duodenal than acidity. These 
findings coupled with the lack sharp relationship between the gastric and 
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duodenal acidities lend support the conclusion that the acidity the duodenal 
contents the normal dog largely determined the type food undergoing 
digestion and related part only the acidity the gastric contents. 

The effect some the commonly used antacids the acidity the con- 
tents the duodenal bulb duodenal ulcer patients has been studied and 
will subsequently reported. Their action for the most part proved 
short and often negligible. The much more efficient action cream reducing 
duodenal acidity over prolonged period dogs suggests the preferential use 
this foodstuff when duodenal antacid effect quite true that 
the amount cream used these experiments much greater than that which 
would employed therapy patients. The small doses which would 
required might prove ineffective, vet there evidence that small doses 
fat (olive cod-liver oil) depress pouch secretion effectively and over 
long periods (6) that one might expect similar effective action the duo- 
denum from small doses cream. 


SUMMARY AND CONCLUSIONS 


Fat the form table cream (20 per cent fat) effectively diminishes the 
acidity and enhances the excess neutralizing ability the contents the first 
part the duodenum over fairly prolonged periods time the normal dog. 

The decrease duodenal acidity following cream only partly due 
the inhibitory effect the fat gastric secretion. 

There parallel relationship between the effective acidity 
ion concentration) the duodenal contents and any the customary measures 
gastric acidity the normal dog. 

The acidity the contents the duodenal bulb the normal dog 
largely determined the type food undergoing digestion and related 
part only the acidity the gastric contents. 

Cream appears much more effective duodenal than some 
the commonly employed antacid medications. 
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The administration gonadotropic extracts immature rats results 
increase weight the gonads that only temporary nature and not 
accompanied normal cyclic changes the vaginal smears. conceivable, 
however, that premature stimulation the ovaries with continuous normal 
fluctuations the vagina might follow gonadotropic hypersecretion the 
animal’s hypophysis. preliminary reports (1) have shown that increase 
the number basophiles the pituitary gland the rat occurs during anti- 
gonadotropic treatment. After cessation treatment there hypersecretion 
the gonadotropic hormone accompanied decrease the number baso- 
philes and Thompson (3, have also reported basophilism 
the pituitary gland animals repeatedly injected with either sheep pituitary 
extracts sera. Inasmuch increased secretion the 
pituitary gonadotropic complex follows antihormone treatment became 
interest ascertain whether premature development and function the gonads 
would follow immature female rats after administration antigonadotropic 
serum. This report extends the preliminary observations already made (1, 
the effect antigonadotropic substances upon the physiology and histology 
the pituitary gland. 

PROCEDURE AND RESULTS. The source the antihormone used these 
experiments was aspecific gonadotropic antiserum obtained from the blood 
rabbits repeatedly injected with aqueous supercentrifuged extract sheep 
pituitary glands. The blood was removed puncture and the serum 
prepared centrifugation. The inhibitory action the serum was determined 
injecting the serum together with each the following prepara- 
tions: extracts whole sheep pituitary glands, pregnancy urine and pregnant- 
mare serum and aqueous suspensions dried human and rat hypophyses. 
addition preventing the gonad stimulating action these extracts the anti- 
serum also inhibited the endogenous gonadotropic secretion 
ophyses (5). 

Immature female rats were injected subcutaneously with 0.5 ec. the anti- 
rabbit serum per day—or total dose the 10th 
the 19th day life, inclusive, determine the effect anti- 
sera upon the pituitary gonadotropic secretion. Nine these animals were 
killed the 20th day. The average ovarian weight the injected animals was 
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5.3 mgm. compared 8.9 for untreated littermate control animals killed 
the same time. Sections the gonads the animals given antihormone 
did not show follicles with antra which are found the ovaries control animals 
the same age. The condition the ovary these animals indicates that 
the gonad stimulating hormone the pituitary gland was prevented from pro- 
ducing its characteristic effect. 

The pituitary glands the antihormone treated and control animals were 
removed autopsy and fixed Bouin’s fluid. were sectioned microns 
and stained with Rasmussen’s modification Mallory’s trichrome stain (6). 


TABLE 
Increase ovarian weight immature rats following cessation antigonadotropic treatment 


| OVARIAN UTERINE 
TREATMENT NO. OF RATS DAY KILLED WEIGHT WEIGHT 


mem. 
Experimental* 5.3 12.4 


Control 


Control 


Experimental 119 
Control 


Control 


Injected with sheep rabbit serum from the 10th the 19th day 
life, inclusive. 


The pituitary glands the rats treated with the antigonadotropic serum ex- 
hibited picture extreme basophilism when compared with those littermate 
controls. The degree basophilism found the injected rats was the same 
that found castrated rats. The results quantitative study the changes 
the three cell types the pituitary gland have been presented earlier paper 
(1) where was reported that after day period antihormone injections 
31.9 per cent all the cells were basophiles, contrast per cent found 
the littermate controls. pituitary gland showing such degree baso- 
philism could expected exhibit increase gonadotropic secretion (7). 
Hence upon withdrawal the antiserum further neutralization the endogenous 
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gonadotropic hormone the antiserum would prevented and the gonad 
stimulating hormone secreted the basophiles could act the gonads. With 
this thought mind, rats treated with 0.5 ec. antigonadotropic serum per 
day from the 10th the 19th day life, inclusive, and uninjected littermate 
controls were killed and days after cessation the day 
treatment with antiserum. The data table show that the ovaries and the 
uteri the animals killed successive intervals after antihormone treatment 
exhibited progressive increase weight from subnormal value found immedi- 
ately after the injections were discontinued, one much greater than that 
found animals. Accompanying the increase weight and activity 
the ovaries the antihormone treated animals there was progressive de- 
crease basophilic cells until the 15th day after the injections were discontinued 
when the normal picture again prevailed. reduction number baso- 
philes may the result the ovarian secretions produced after the antihormone 
treatment was stopped. This theory supported results obtained 
experiment which all the animals three litters six female rats each were 
treated with 0.5 serum per day from the 10th the 
19th day life inclusive. One third these animals each litter was killed 
the 20th day life; another third was castrated the 20th day and was 
killed with the remaining rats the 34th day life, days after cessation 
injections. The pituitary glands the antihormone treated animals which 
were castrated immediately following the last injection exhibited approximately 
the same degree basophilism noted the time that the injections were stopped. 
normal picture was found the pituitary glands littermate females that 
were not castrated after cessation antihormone treatment, but were killed 
the 34th day life. The average ovarian weight these animals had in- 
creased mgm. compared the control ovarian weight mgm. The 
enlargement the ovaries was undoubtedly accompanied increase the 
amount gonadal hormones which might the cause the concomitant de- 
crease the number basophiles. 

Forty-two additional female rats were treated from the 10th the 19th day 
life, inclusive, with 0.5 cc. serum per day obtain further 
evidence concerning the induced physiological activity the pituitary gland 
the antihormone treated animal determined the effects the gonads 
and vaginal smears. The time vaginal opening after cessation antigonado- 
injections the 20th day was noted for all the experimental females. 
Twenty-four these animals were killed days after opening the vagina 
determine the extent ovarian hypertrophy present that time. Similar 
observations were made littermate control rats the same age. The data 
table show that the average age rupture the vaginal membrane the 
antihormone treated animals was 28.5 days and the ovarian weight days 
later was Eighteen littermate control rats killed the same time had 
average ovarian weight 16.1 mgm. The ovaries the experimental rats 
showed large cystic follicles, corpora lutea and blood points, whereas those the 
control animals were juvenile appearance. Since the control animals were 


killed prior the time when opening their vaginas would have normally oc- 
curred, the time opening the experimental rats treated with antihormone 
could not compared with that littermates. was necessary, therefore, 
make the comparison with non-littermate rats injected with normal rabbit 
serum. the average age vaginal rupture these animals was days 
(table apparent that the sexual development the antihormone pre- 
treated animals was accelerated days before its normal occurrence. 

The remaining rats that were treated from the 10th ‘he 19th day life, 
inclusive, with antihormone were not autopsied until least days age. 
Daily vaginal smears were made from the time that the vagina opened until 


TABLE 
Response the immature rat pretreatment with antigonadotropic sera 


TREATMENT RATS DOSE WEIGHT WEIGHT 
| 


AGE AT 0. V.t 


AntiSAP* 10th the 19th day life, inclusive, 

AntiSAP the 10th day life, inclusive, 


Normal rabbit serum 10th the 19th day life, 
inclusive, and killed days age.......... Not open 


Normal rabbit serum 10th the 19th day life, 


Sheep antigonadotropic rabbit serum. 
Opening the vagina. 
Three rats. 


autopsy. Littermate control rats were likewise observed and both the experi- 
mental and control animals were killed the same age after recording least 
three successive estrous periods for the control animals. The vaginal smears 
showed that the experimental animals experienced least one two successive 
estrous periods prior the time vaginal opening the control females. The 
experimental and control ovarian weights obtained autopsy were essentially 
the same, indicating that the hypersecretion the pituitary gland found soon 
after stopping the antihormone treatment was only transitory. 

view these results became interest determine whether the pre- 
mature opening the vagina with the accompanying ovarian development and 
variations the vaginal smear could made occur earlier beginning 
the antigonadotropic treatment the rats the first day life and continuing 
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for ten days. With this idea mind, female rats were injected 
taneously from the Ist the 10th day life, inclusive, with 0.1 per day 
total dose ce. antiserum. The time vaginal opening after cessation 
antihormone injection was determined and thirteen animals this group were 
killed five days after their vaginas had opened. The results presented table 
show that pretreatment with serum from the Ist the 10th 
day life, inclusive, with total dose serum was followed pre- 
cocious opening the vagina and development the uterus, but not any 
significant increase ovarian weight over that seen littermate controls. 

Daily vaginal smears were made from the first day rupture the vaginal 
membrane littermate control rats and the remaining rats which had been 
treated with serum from the Ist the 10th day life, in- 
clusive. Vaginal smears were taken from both groups until least three vaginal 
estrous periods had been recorded for the control animals. The antihormone 
treated rats experienced vaginal estrous cycles beginning the 22nd day the 
25th day life and these, thirteen rats had cycles comparable those 
ring littermate control rats between the 45th and 50th day age. 

The serum used the above experiments, already noted, was obtained from 
rabbits repeatedly injected with sheep pituitary extracts. order eliminate 
the possibility that substance the serum might the cause 
the precocious sexual development, 0.5 per day normal rabbit serum was 
administered female rats from the 10th the 19th day life, inclusive. 
Eleven these animals were killed the 41st day life determine whether 
any gonadal stimulation followed cessation treatment. The data table 
show that there significant difference between the average ovarian weight 
the animals treated with normal rabbit serum and that the untreated normal 
littermate females killed the same age. The time rupture the vaginal 
membrane the remaining females that received normal rabbit serum was 
compared with that untreated littermate control rats. The vaginas the in- 
jected rats opened average 48.2 days, while those the untreated females 
opened days age. 

The data presented this paper demonstrate that precocious 
gonadal activity, evidenced ovarian hypertrophy and premature establish- 
ment the estrous cycles, follows treatment with antigonadotropic rabbit serum. 
The effect not the result the presence substances the 
antisera the rabbits, for the ovaries the animals injected with the antisera 
became while the serum was being administered. the increase 
size and function the ovaries cannot explained the basis the foreign 
protein the serum since acceleration inhibition gonadal development 
was obtained with normal rabbit serum. The explanation the mechanism 
whereby gonadal stimulation follows antihormone administration based upon 
follows: consequence the antihormone injections the gonadotropic secre- 
tion the animal rendered ineffective, thereby causing atrophy the 
gonads. Continued administration the antihormone followed further 
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atrophy the gonads, which eventually results condition similar that seen 
after hypophysectomy. result the atrophied gonads there increase 
the number basophiles and the amount gonadotropic secretion the 
pituitary gland. The increased secretion the basophilic pituitary, however, 
prevented from reaching the gonads during the period antihormone injection, 
but when the antihormone withdrawn the hypersecretion the gonadotropic 
hormone longer neutralized and the gonads are accordingly stimulated 
degree far beyond that animals the same age. Accompanying the increase 
size and function the ovary there gradual change the castrate-like 
pituitary from state extreme basophilism one normal cell composition. 
Other experiments, however, showed that when the ovaries are removed the 
end antihormone treatment the basophilism found immediately after cessa- 
tion injections was maintained. view these results the gradual decrease 
basophilism the pituitary gland may explained the basis that the 
basophiles revert chromophobes (7) and the ovarian hormones produced the 
stimulated ovary prevent the differentiation more than the normal number 
chromophobes into basophiles. 


SUMMARY 


Hypersecretion the hormone the pituitary gland im- 
mature female rats followed treatment with antigonadotropic serum. The 
hypersecretion resulted precocious development the ovaries and premature 
occurrence the cyclic variations the vaginal smears the treated rats after 
discontinuing the injections the antigonadotropic serum. Extreme 
ism was found the pituitary gland during treatment with the antigonadotropic 
sera but when the injections were discontinued the number basophiles de- 
creased This condition was accompanied marked increase size 
and function the ovaries. control experiments the injection rats with 
serum from rabbits not treated with gonadotropic extracts was without stimu- 
latory inhibitory upon the gonads. 
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Clinical and experimental studies shock have emphasized the importance 
the plasma proteins maintaining adequate plasma volume. shock as- 
sociated with trauma, burns and peritonitis, the plasma proteins are greatly 
diminished. Because the fluid the traumatized, burned, infected areas has 
been found rich protein, the low plasma protein has been attributed 
primarily the leakage plasma protein from the blood stream into the 
tissues. obvious, however, that the quantity plasma protein the blood 
stream depends the sum two factors—i.e., the amount protein added 
the blood stream and the amount protein lost from the blood 
seemed possible that failure plasma protein production was important 
factor the marked decrease the level the plasma protein which observed 
shock. The purpose this paper determine whether shock significantly 
affects protein regeneration. 

Acute hemorrhage served means both for stimulating plasma protein pro- 
duction and for producing shock. amount protein that the dogs produced 
the hours immediately after venesection was determined when the hemor- 
rhage was not severe enough produce shock; and when the hemorrhage was 
severe enough produce shock. the latter experiments circulatory insuffi- 
ciency was maintained the removal more blood whenever the circulation 
improved. The total plasma protein was measured before the bleeding and 
hours after the first bleeding. The amount protein produced was 
subtracting the total circulating plasma protein before hemorrhage from the 
sum the plasma protein removed plus the circulating plasma protein hours 
after the initial hemorrhage. 

The experiments were performed normal unanesthetized adult 
mongrel dogs weighing kgm. They ate diet cooked horse meat for 
least weeks before any observations were made, but were allowed food for 
hours before experiment. Water was not restricted except for about one 
hour prior and during the experiment. 

The plasma volume was measured the dye method (1, Heparin was 
usually used the anticoagulant, although 1.6 per cent solution potassium 
oxalate was used experiments. All samples blood were taken without 
stasis. The total protein concentration grams per cent was calculated from 
the protein nitrogen determined standard micro-Kjeldahl technique (3). 
All nitrogen determinations were done duplicate. The total circulating 
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plasma protein grams was calculated multiplying the protein concentration 
plasma volume 
grams per cent the 
100 

The mean arterial pressure was measured millimeters mercury insert- 
ing needle into the femoral the majority the experiments, the 
femoral artery was exposed under local anesthesia. several experiments 
which the circulation remained adequate, arterial punctures were performed 
without exposing the artery. The initial bleeding was made puncture 
the femoral artery the unexposed side. Subsequent bleedings were made via 
the jugular femoral veins. The blood was pooled flask containing solu- 
tion 1.6 per cent potassium oxalate. Knowing the volume fluid, the hema- 
tocrit reading and the protein concentration the plasma-oxalate mixture, the 
amount plasma protein removed was easily correction was 
made for the plasma protein removed sampling. 


TABLE 
Plasma protein replacement after single large bleeding 


12 HOURS AFTER HEMORRHAGE SUMMARY 


replaced 


kgm. 4 | grams grams grams 
| | 


| protein | 


move: 
| 


Shock was produced the rapid removal blood from the femoral artery. 
was maintained further bleeding whenever the animal showed signs im- 
provement. The details the method and the criteria used for determining the 
presence shock are given below. 

Plasma protein production after hemorrhage without shock. Plasma 
protein production was studied dogs which the bleeding was not sufficient 
produce any marked change the dog’s appearance behavior. After each 
bleeding (with the exception dog 6), equal amount normal saline was 
given intravenously. Some the dogs had little fall mean arterial 
pressure. others there was decrease mm. Hg, but the animals re- 
mained active, showed disturbance gait, and maintained good muscle tone. 
dogs single large bleeding was done the beginning the experiment. 
sample blood for plasma volume determination was removed one hour 
later. The data are summarized table These dogs produced from 
grams plasma protein hours. This amounted per cent their 


PLASMA PROTEIN REPLACEMENT AFTER HEMORRHAGE 301 


total circulating plasma protein. dogs the large initial hemorrhage was fol- 
lowed repeated small bleedings throughout the this way much 
larger amounts protein were removed without noticeably impairing the 
lation. The data are given table the 12-hour period these dogs pro- 
duced from grams plasma protein, from per cent their 
total circulating plasma protein. The amount protein produced the 12- 
hour period could not correlated with the amount plasma protein removed. 

the dogs who had single large bleeding (dogs 4), the amount 
protein produced the second hours after hemorrhage was also measured, 


TABLE 
Plasma protein replacement after hemorrhage with adequate circulation and with shock 


BASAL 12 HOURS AFTER HEMORRHAGE SUMMMARY 
2 = 3 = te a 
= ont = cs 


6-12-41 
7- 3-41 


5-20-41 
6-26-41 


1-41 


7-18-41 
6-19-41 


1140 
250 


970 


9- 4-41 
7-15-41 


745 
690 


550 
1160 


= hemorrhage without shock. 
hemorrhage with shock. 


the first hours these dogs made 10, and grams. the second 
hours they made and grams the same dogs measure- 
ments were also made approximately one hour after the initial hemorrhage. 
They had produced and gram figures are too small 
significant view the errors the method. They show, however, 
that large amount protein entered the blood stream immediately after 


hemorrhage. 
Protein regeneration after hemorrhage with shock. from hemorrhage was 
produced unanesthetized dogs. The ability these dogs regenerate 


protein after hemorrhage without shock had been tested from weeks pre- 


gms. gms. 
ce. per gms. ce. per gms. gms. gms. ce. — 
cent | cent 
6 I* | | 960 6.3 | 6 50 835 4.8 40 39 35 15 25 120 70 
| ig 1025 6.5 67 49 780 4.7 37 35 31 1 1 0 45 
as I | | 690) =—-6.3 44 55 710 4.9 35 36 22 | 13 30 700 105 
§ I | | 925 6.1 56 47 1090 4.2 46 25 25 15 27 1100 105 
II 8706.6 57 53 670 4.6 31 31 29 3 5 0 65 
9 I | | 950 «5.6 53 43 930 4.3 40 22 24 11 21 a 95 
II || 5.9 57 48 730.0 4.1 30 22 32 5 9 55 
10 I ; a 6.5 48 50 845 4.3 36 32 17 5 10 | 80 
II 5.8 40 54 560 3.3 18 28 23 1 3 45 
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viously. dogs the ability produce protein after hemorrhage without 
shock was tested from weeks after the shock experiment. 

Following the initial hemorrhage, the arterial pressure usually dropped 
between and mm. Hg. The animals were restless; they voided and def- 
ecated involuntarily. short time the arterial pressure began rise and 
more blood had removed. After several hours the arterial pressures be- 
came stabilized low level which varied from dog dog. The average 
arterial pressure was obtained charting the mean arterial pressure for the 12- 
hour period. ranged from mm. Hg. The dogs were very weak, 
apathetic, and times stuporous. During much the time they were too weak 
raise their heads. Chemically the circulatory insufficiency was demonstrated 
rising non-protein nitrogen and decrease the combining power. 
the control experiments, the non-protein nitrogen remained normal and the 
combining power showed little change. 

other investigators have noted, there was absolute correlation between 
the mean arterial pressure and the general condition the dog. Some dogs with 
mean pressure appeared stronger and more alert than others did mean 
pressure general, attempt was made keep the mean arterial pres- 
sure below best criterion the condition the circulation seemed 
the response the removal small amount blood. the removal ce. 
blood produced precipitous fall arterial pressure, the animal was 
critical state. produced change arterial pressure, the animal could 
usually stand further bleeding. 

After the first hours little blood had removed. The animals had 
watched closely because sudden marked fall arterial pressure, not pro- 
duced further bleeding, frequently occurred, and unless saline was given, they 
died from cerebral anoxemia. Some the dogs received much saline the 
course hours they did the hemorrhage experiments without shock. 
The saline would not restore the circulation normal after had been inade- 
quate for several hours, but would produce sufficient improvement prevent 
the death the the dogs recovered. 

experiments, the dogs shock produced very little protein the 
12-hour period. The sixth dog produced much protein had after hemor- 
rhage without shock. The average mean arterial pressure this dog was mm. 
Hg. was noted the protocol, however, that spite the low arterial 
pressure, this dog had been more alert and active than the other dogs. The data 
are summarized table 

The determination the plasma volume seemed satisfactory 
the dogs with inadequate circulation normal minutes 
were always allowed for complete mixing the general, the slope dye 
disappearance curve was approximately the same before and after the production 
shock. The values obtained for the plasma volume and for the total circulat- 
ing protein seemed reasonable. One hour after hemorrhage the plasma volume 
was decreased and the total circulating protein was approximately equal the 
prehemorrhage total protein minus the amount protein removed. 


' 
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Twelve hours after hemorrhage, protein replacement was well under way and, 
with one exception, the plasma volume had increased beyond its prehemor- 
rhage level. Twenty-four hours after hemorrhage further increase plasma 
volume and total circulating protein had occurred. the dogs maintained 
shock, the plasma volume the end hours was always than the 
original plasma possible that the plasma volume the dogs 
shock was smaller during the earlier part the 12-hour period. During the first 
hours, slight increase plasma volume produced marked rise arterial 
pressure. After the circulatory insufficiency had been present approximately 
increasing the plasma volume saline frequently produced 
change arterial pressure. Freeman (4) has reported similar observations. 

Fasting dogs with adequate circulation vary considerably their ability 
replace plasma protein lost hemorrhage. There was correlation between 
the amount protein produced and the level the plasma protein before hemor- 
rhage, between the amount protein produced and the amount protein 
removed. The diets previous the control period and the age the dogs were not 
known. the 24-hour period after hemorrhage, protein was apparently added 
the blood stream fairly constant rate. Three the dogs tested re- 
placed slightly greater amounts protein the first hours than the second 
hours after hemorrhage. Too few experiments were done determine 
whether this difference was significant. 

The rate mobilization the protein stores recorded here accord with the 
concept Madden and Whipple (5), that the greater portion the protein 
reserve not stored preformed plasma protein. fact, these experiments 
demonstrated measurable reserve preformed plasma protein which could 
added the blood stream few minutes. There was evidence rapid 
out-pouring protein the first hour after hemorrhage. Similar observations 
have been made after hemorrhage normal subjects further 
supported the observation that the dogs shock added only 
protein the plasma during 12-hour period. This question of.a small reserve 
preformed protein considerable importance, because even the absence 
increased capillary permeability, changes plasma protein concentration would 
not necessarily reflect changes the plasma volume there were reserve 
preformed plasma protein which could added the blood stream few 
minutes. Smith, Belt and Whipple (7) have reported rapid replacement 
serum proteins the first minutes after the replacement large portion 
the blood equal quantity red cell Locke’s solution re- 
sulted increase serum protein concentration about 0.5 gram per cent. 
the hematocrit reading showed little rise during this period, and the rise 
fibrin concentration was not proportionally great the increase the serum 
protein concentration, they concluded that the rapid replacement serum pro- 
tein during the first minutes following the exchange indicated some reserve 
supply serum proteins probably held the body our experiments 
with dogs and with normal human subjects after bleeding, physiological saline 
has left the blood stream very rapidly, and the replacement quantity 
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saline equal the volume blood removed has failed restore the plasma 
volume the prehemorrhage level. the experiments Smith, Belt and 
Whipple, the hematocrit readings increased from average average 
the first minutes. this increase hematocrit reading resulted from 
decrease plasma volume, would account for about one-half the observed 
rise serum protein concentration. these experiments, one would not have 
expected the hematocrit reading parallel the decrease plasma volume, be- 
considerable number traumatized red cells were being destroyed, 
shown the presence hemolysis many the samples and the subsequent 
marked fall the hematocrit reading. the first minutes, the average in- 
crease serum protein concentration was per cent. the same time, the 
fibrin increased average per cent. These not seem significant differ- 
ences, because average increase only 0.01 gram per cent fibrin would 
have resulted parallel increase serum protein concentration during the 
first minutes after the replacement. 

The protein replacement the dogs with shock was significantly less than 
the dogs which the hemorrhage was not accompanied shock. This based 
the assumption that the protein added the plasma remained the blood 
stream and did not pass into the tissues because altered capillary permea- 
has been recently demonstrated that the capillaries shock due 
hemorrhage are not abnormally permeable. Price al. (8) injected large 
amount blue dye, T-1824, into the veins dogs. This enabled them ob- 
serve directly abnormal leakage dye, and presumably protein, into the tis- 
sues. They stated: “Although local staining tissues was pronounced areas 
subjected trauma different sorts, abnormal staining tissues general 
was observed animals dying post-hemorrhagic 

The data indicate that failure the circulation was the primary factor which 
prevented normal plasma protein replacement the dogs shock. The low 
protein replacement the dogs shock was not caused lack adequate fluid 
intake, because dogs much more saline was administered during the 
shock experiment during the simple hemorrhage experiments. The stimulus 
for protein replacement should have been great the dogs shock the 
dogs not shock, because the protein concentration was greatly reduced both 
groups experiments. loss red cells was not the determining factor, be- 
the hematocrit levels the end the 12-hour period were not very differ- 
ent the two types experiments. The data table show that dogs 
and there was great difference the amount protein removed the simple 
hemorrhage and the shock experiments. The speed with which the blood was 
removed, rather than the total amount removed, determined whether shock 
developed. 

After simple hemorrhage the dog first increases his plasma volume dilution 
with protein-poor fluids. This restores the circulation adequate level and 
protein replacement proceeds fairly rapidly. Studies man have shown 
similar chain events the dog which kept shock repeated small 
hemorrhages, the dilution with proteia-poor fluid occurs, but the further loss 
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plasma bleeding prevents the circulation from becoming adequate for protein 
regeneration. After the original hemo-dilution has 
maintain the plasma volume normal level the administration normal 
saline because the low colloid pressure the blood. Therefore, re- 
covery very slow unless plasma some other fluid with similar prop- 
erties administered. 

believed that these experiments which demonstrate the difficulty pro- 
tein replacement with poor circulation offer adequate explanation for the 
clinically observed fact that patients with hemorrhage who maintain good 
circulation can lose tremendous quantity plasma protein and maintain 
adequate plasma volume, while patients certain types shock have great 
difficulty restoring the volume normal. 


SUMMARY 


Plasma protein replacement after acute hemorrhage, which was not severe 
enough produce shock, has been studied unanesthetized, fasting dogs. One 
hour after hemorrhage little protein had been added the plasma. Twelve 
hours after hemorrhage from grams plasma protein had entered the 
blood stream. This amounted per cent the total prehemorrhage 
circulating plasma protein. Plasma protein replacement proceeded the same 
slightly lower level the second 12-hour period after hemorrhage. 

These experiments showed evidence reserve preformed plasma 
protein which can enter the blood stream the first few minutes after hemor- 
rhage. 

unanesthetized, fasting dogs, shock was produced and maintained 
hemorrhage. Plasma protein replacement was measured over 12-hour period. 
Shock usually greatly retarded plasma protein replacement. Dogs which had 
replaced 15, 13, 15, 11, and grams plasma protein 12-hour period after 
hemorrhage without shock replaced only and grams respectively 
12-hour period when they were shock. 

The slow rate plasma protein production with inadequate circulation 
explains why the body has great difficulty restoring the plasma volume 
normal many cases shock. 

This work was done with the technical assistance Rosamond Piotti, 
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Goldberg (1, has reported that hypophysectomy dogs produces fall 
serum albumin and compensating increase serum globulin concentration. 
Administration desiccated thyroid such dogs caused return the globulin 
toward the normal level but had very little the serum albumin concen- 
tration. These findings led Goldberg suggest that the decreased thyroid ac- 
tivity following hypophysectomy responsible for the changes serum protein 
levels. 

Before this work came our attention (3) had found similar changes fol- 
lowing hypophysectomy the monkey. our investigations the 
rat, found that this species hypophysectomy produces serum protein 
changes similar those the dog and the monkey. the rat, thyroid medica- 
tion prevents the increase globulin level but has little any effect the 
albumin level, confirming Goldberg’s findings the dog. These results indicate 
that some factor, other than the thyroid gland, responsible for the post-hypo- 
albumin changes. For reasons discussed below, appeared 
probable that the adrenal cortical atrophy which follows pituitary ablation 
might related the marked decrease serum albumin concentration. 
tempts were therefore made study the the adrenal cortex and define 
more clearly the action the thyroid with respect maintenance the serum 
protein levels. Since partial inanition after hypophysectomy (4) and 
since known (5) that certain species alterations serum protein levels 
are produced severe protein inanition, study the effect reduced food 
intake the serum protein levels the rat was also made. 

The results these experiments, forming the basis this report, indicate 
that the rat the maintenance the serum globulin level associated with the 
degree thyroid activity while the maintenance the albumin level appears 
depend adrenocortical The inanition which follows 
tomy, also factor the alteration the serum protein levels, appears 
lesser importance than does the decreased activity the adrenal cortex and 
the thyroid gland. 

EXPERIMENTAL. Adult rats, most experiments males, the Long-Evans 


Aided grant from the Rockefeller Foundation, administered Dr. Smith. 

preliminary report this work was made before the thirty-fifth annual meeting 
the American Society Biological Chemists Chicago, April 19, 1941 (J. Biol. Chem. 140: 
1941). 
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strain, were used. The animals were maintained under the usual conditions 
prevailing our stock colony. The regular adequate stock diet used for our 
colony, well water, was available all times except specified below. 

The completeness pituitary removal was verified microscopic examina- 
tion serial sections the sella. Thyroidectomized animals were examined 
under the dissecting microscope for thyroid remnants and any suspicious tissue 
was seen serial sections the thyroid region were made and studied. The 
one case incomplete thyroidectomy was discarded from the series. the 
adrenalectomized animals gross search autopsy revealed cortical tissue 
but realized that accessory cortical tissue might have been present and 
not seen. 

Whenever treatment was given was begun immediately after operation 
and was administered subcutaneous injection daily until the time removal 
blood, most cases days post-operatively. Blood was taken directly 
from the heart which was exposed under amytal anesthesia. small portion 
each blood sample was heparinized and used for hematocrit determination 
remainder the blood was allowed clot, the serum separated and 
used for determination total protein, albumin and non-protein nitrogen. 
Semi-micro Kjeldahl technic was used for all nitrogen determinations. 
bumin filtrates were prepared the method Campbell and Hanna 
nitrogen values, after correction for non-protein nitrogen, were converted 
protein use the usual factor 6.25 and globulin was the differ- 
ence between total protein and albumin. 

The data obtained normal and hypophysectomized 
rats are given table The most striking changes resulting from 
the pituitary ablation are the decrease serum albumin and the increase 
serum globulin. The net result decrease total protein which relatively 
slight but statistically significant and fall the ratio albumin globulin 
almost half the normal value. 

Following hypophysectomy the animals lost considerable proportion (males 
24.7 per cent; females 14.4 per cent) the pre-operative body weight. 
simulate this weight loss closely possible group female rats similar 
age and weight was subjected reduced food intake that the weight loss 
(23.6 per cent the original) approximated duration and intensity that 
suffered the hypophysectomized animals. The changes serum albumin, 
globulin, NPN and A/G ratio (table are the same direction but much 
lesser magnitude than after hypophysectomy. 

The results obtained from thyroidectomized rats are given table The 
slight decrease serum albumin doubtful significance The 
globulin fraction, however, increased even greater extent (38.6 per cent 
over the normal level) than after hypophysectomy (29.1 per cent over the normal 


The value designated represents the probability that the difference between two 
means due random sampling (21). probability 0.05 (five chances 100 that 
random sampling responsible for the difference) frequently selected criterion 
significance. 
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The implications these results are reinforced the results obtained 
from animals treated with ug. thyroxin daily from the time hy- 
pophysectomy until bleeding (table G). Although the thyroxin treatment 
did not prevent the decrease serum albumin which followed hypophysectomy, 
the increase the globulin fraction was entirely prevented. 

Because changes thyroid activity appear have very little effect the 
serum albumin level, series experiments was made investigate the rela- 
tion adrenal cortical action the serum proteins. Although complete adre- 
nalectomy almost impossible the adult rat, small group animals were 
adrenalectomized with the hope that the chronic partial adrenal insufficiency 
might show some should emphasized that considerable propor- 
tion such animals died before the routine three weeks postoperative period 
had elapsed. seems justifiable assume that these suffered the highest degree 
cortical insufficiency. Therefore, any serum protein changes found the 
surviving rats are probably representative only the milder forms cortical 
insufficiency. may noted (table that the animals lost considerable 
weight and yielded low serum sodium (average 298.4 mgm. per cent) and high 
serum NPN values. Surprisingly, the hematocrit readings showed 
nificant change from normal. The changes serum protein levels are similar 
direction those following but are considerably lesser 
magnitude. compared values obtained from intact rats, the 
significantly decreased 0.01) and the globulin 0.02). 

order evaluate more completely the the cortical insufficiency 
which follows hypophysectomy, two series hypophysectomized rats were given 
cortical replacement therapy daily throughout the post-operative period. One 
group (table was given desoxycorticosterone acetate (3.0-5.0 mgm. daily) 
while the other group (table was treated with adrenal cortical extract (1.0 
4.0 The DCA treatment did not prevent the weight loss which 
follows hypophysectomy. However, did partially but significantly 0.02) 
prevent the decrease serum albumin level which occurs untreated hy- 
pophysectomized animals. The protection against serum globulin increase was 
not significant should noted that the hematocrit reading 
the DCA treated animals significantly below that the normal rats 
the assumption made that this decrease hematocrit due 
hemodilution and appropriate correction made, may seen (table 
that the post-hypophysectomy change albumin concentration largely pre- 
vented (9.5 per cent below normal) the DCA while the globulin change (to 
29.1 per cent above normal) almost identical with that untreated hypophy- 
sectomized rats. 

Treatment with cortical extract did not prevent the post-hypophysectomy 


The authors wish express their thanks for generous supplies follows: For adrenal 
cortical extract Wilson Laboratories, through Dr. David Kline, and the Upjohn Com- 
pany, through Dr. Cartland. For desoxycorticosterone acetate Ciba Pharma- 
ceutical Products, through Dr. Mautner, and the Schering Corporation, through 
Dr. Erwin Schwenk. For stilbestrol Squibb and Sons, through Dr. Morrell. 
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weight loss nor the increase serum NPN level. However, the decrease 
serum albumin was largely prevented 0.01) while the globulin increase 
was not significantly different 0.70) from that untreated animals, the 
net result being total protein value higher than that either normal hy- 
pophysectomized rats. 

administered normal rats corticotropic agent (1.0 mgm. 
daily) produced adrenal enlargement and hyperemia previously reported 
Selye (8) and many others. Despite the rather severe inanition suffered these 
animals (table the serum albumin level rose considerably above the normal 
value while the globulin level remained almost constant. The hematocrit value 
fell considerably. 

Discussion. Following hypophysectomy the adult rat suffers pronounced 
loss body weight which associated with decreased food intake (4) and 
impaired absorption from the gastro-intestinal tract (9, 10). That the re- 
sultant inanition most only partially responsible for the serum protein 
changes shown the finding that intact rats inanition somewhat greater 
severity than that following hypophysectomy produced less than half much 
change serum protein levels. This confirmed the data obtained from 
normal rats treated with stilbestrol. Such treatment causes marked loss 
body weight which almost certainly result the decreased food consumption 
for Ingle (11) has shown that feeding such animals produces weight 
gain instead loss. Despite the severe inanition suffered our stilbestrol 
treated rats, the serum albumin concentration actually increased while that 
the globulin remained constant. may also noted that hypophysectomized 
rats treated with adrenal cortical extract suffered severe weight loss did 
the untreated operated animals. The serum albumin concentration, however, 
decreased only slightly thus confirming the fact that during short experimental 
periods the changes serum protein levels are not necessarily proportional 
the degree inanition. 

Our results support Goldberg’s suggestion (1, that the thyroid inactivity 
which follows hypophysectomy responsible for the increase the serum 
globulin levels. However, neither his data nor ours justify the belief that the 
lack thyroid activity responsible for the change albumin concentration. 
Administration thyroxin hypophysectomized rats has little any effect 
the decrease albumin level. Nor does removal the thyroid produce pro- 
nounced albumin decrease occurs after hypophysectomy. seems quite 
definite, therefore, that the thyroid some way involved the maintenance 
the serum globulin level but exerts little, any, control over the serum albumin 
metabolism. 

The adrenal cortex known have important influence salt and water 
metabolism and exercise control over the distribution body fluids and the 
maintenance blood volume (12, known intimately con- 
cerned with the intermediary metabolism proteins knowledge, 
taken together with the fact that the serum albumin one the most important 
factors the maintenance blood pressure (5, 15) and, therefore, 
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blood volume, indicates the possibility direct relationship between adreno- 
cortical activity and serum albumin metabolism. 

Treatment hypophysectomized rats with cortical substances yields evidence 
hypothesis. Thus, adrenocortical extract 
largely prevents the fall serum albumin which occurs untreated animals. 
The increase serum globulin, however, not prevented. When desoxycorti- 
costerone used for replacement therapy almost identical results are obtained 
the lowered hematocrit taken into account. Such correction values for 
hemodilution not illogical the light the well known blood diluting effect 

The treatment hypophysectomized rats with the cortical substances did 
not completely maintain the serum albumin concentration its normal level. 
must remembered that the dosages used, well the mode and spacing 
the injections, may have been far from optimal. urthermore, some other 
the substances now known elaborated the adrenal cortex may 
more effective than the substances used the present experiments. this 
connection well the different potencies these substances with 
respect metabolism, salt and water metabolism, ete. (14, 16, 
17, and others). 

The treatment normal rats with stilbestrol provides further evidence indi- 
cating control serum albumin metabolism the adrenal cortex. 
appears potent stimulant the adrenal cortex (8, 11, and many others) 
and might expected, therefore, produce increase the serum albumin 
concentration. Such increase would limited magnitude because it, 
per se, would tend cause porportional hemodilution. The results obtained 
were anticipated, the albumin level the treated animals being slightly 
(10.8 per cent) but significantly above the normal level. The glob- 
ulin level did not change appreciably would expected the adrenal cortex 
controls albumin but not globulin metabolism. The hematocrit value was 
markedly lower than normal, possibly consequence decreased hemopoiesis 
(18, 19) hemodilution induced the increased concentration the serum 
albumin. 

The results obtained from the small group adrenalectomized rats not 
entirely fit into the general picture. this case decreased albumin and in- 
creased globulin levels were found, indicating preferential cont rol. However, 
noted previous section this paper, the cortical insufficiency exhibited 
the animals which survived the entire experimental period probably very 
mild. Furthermore, the animals apparently suffered 
appetite reflected the loss body not improbable, therefore, 
that the observed changes are the combined effect inanition and mild cortical 
insufficiency. The globulin change very nearly the same that suffered 
animals subjected only inanition. The albumin decrease somewhat greater 
than that produced alone and may interpreted the combined 
effect the inanition plus the mild cortical insufficiency. this connection 
may mentioned the results obtained from two small groups 
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tomized rats, one treated with desoxycorticosterone acetate (2.5 mgm. daily) 
and the other drinking per cent NaCl solution instead tap water. each 
case the animals showed small weight gain contrasted the weight loss 
suffered untreated adrenalectomized rats. Other changes shown the 
untreated animals were completely prevented with the exception the decrease 
serum albumin level the case the group drinking per cent NaCl. The 
albumin level these rats was 8.1 per cent below normal 
may interpreted mean that the DCA therapy completely replaced the lost 
adrenocortical function but that increasing the NaCl intake, while preventing 
the loss appetite, did not replace the adrenal cortex insofar maintenance 
serum albumin level concerned. 

The concept maintenance serum albumin adrenocortical influence 
not inconsistent with the recent findings Long (14, 20) which indicate that 
the adrenal cortex controls general protein catabolism. According Long, 
adrenocortical activity favors breakdown body protein amino acids 
which portion are converted not unlikely that another 
portion these newly formed amino acids may used replenish replace 
other vital substances which serum albumin representative. 

The authors wish express their thanks Dr. Smelser for performing 
the thyroidectomies reported this paper and Mrs. Elizabeth Wolfe for 
valuable technical assistance. 


SUMMARY AND CONCLUSIONS 


Hypophysectomy rats produces fall serum albumin and increase 
serum globulin with slight resultant decrease total serum protein. These 
changes are reproduced only slight extent inanition similar duration 
and intensity that suffered the hypophysectomized rats. 

Thyroidectomy simulates hypophysectomy far increase serum 
globulin concerned. There very little, any, effect the serum albumin 
level. Conversely, treatment hypophysectomized rats with thyroxin prevents 
the increase serum globulin but does not inhibit the decrease the serum 
albumin level. 

Treatment hypophysectomized rats with adrenal cortical extract 
with desoxycorticosterone, the doses used, large extent prevents the 
decrease albumin level with little effect globulin level. 

Stilbestrol, administered intact rats, causes increase serum albumin 
level, presumably via the adrenal cortex which markedly stimulated. There 
effect the globulin level. 

The above findings lead the tentative conclusion that the rat the 
serum albumin level maintained under adrenocortical influence while the 
serum globulin level associated with activity the thyroid gland. Following 
hypophysectomy, change both fractions occurs because the decrease 
both adrenocortical and thyroid activity. 


SERUM ALBUMIN AND GLOBULIN LEVELS 


REFERENCES 

(1) Compt. rend. Soc. Biol. 128: 1135, 1938. 

(2) Rev. Arg. Biol. 14: 49, 1938. 

(4) M.O. Proc. Assn. Research Nervous and Mental Diseases 17: 193, 1938. 
(5) Harvey Lectures 34: 57, 1938-39. 

(6) Soc. Exper. Biol. and Med. 28: 491, 1931. 

(8) Canad. Med. Assn. 41: 48, 1939. 

(9) This Journal 109: 82, 1934. 
(10) Exper. Biol. and Med. 34: 277, 1936. 

(11) Endocrinology 29: 838, 1941. 
(12) Cold Spring Harbor Symp. Quant. Biol. 327, 1937. 
(14) Lone, E.G. Fry. Endocrinology 26: 309, 1940. 
(15) Lanpis, The Harvey Lectures $2: 70, 1936-37. 
(18) Acta Brevia Neerlandica 15, 1939. 
(19) Endocrinology 29: 606, 1941. 
(20) Lone, Trans. and Studies Coll. Phys. Philadelphia, 21, 1939. 
(21) Statistical methods for research workers. Oliver and Boyd, Edin- 
burgh, 1934. 


LINEAR RELATIONSHIP BETWEEN THE CIRCULATING RED CELL 
MASS AND THE VENOUS HEMATOCRIT DETERMINED 
WITH RADIOACTIVE IRON 


From the Departments Pathology and Radiology the University Rochester, School 
Medicine and Dentistry 


Accepted for publication January 30, 1942 


When iron tagged with radioactive isotope! administered under such condi- 
tions that the absorbed iron utilized immediately for red cell formation, the 
concentration tagged iron the blood stream may remain quite constant for 
many months Exchange the radio iron the blood stream does not 
occur with other iron the body (5) and seems that the isotope once incorpo- 
rated into the red blood cell remains there until the cell undergoes disintegration 
Thus, under conditions under which destruction the labeled cells 
occurring, would seem that the total labeled iron the circulation, once 
established, remains constant. 

therefore possible study the relationship between circulating red cell 
mass and jugular hematocrit various hematocrit levels using the radio iron- 
labeled-donor cell method described detail elsewhere (6, This method 
consists essentially transfusion from donor animal few milliliters 
blood containing accurately known amount iron built into red cells, and 
then measuring the radioactivity subsequent blood samples determine 
the dilution that has 

expected that increased jugular venous hematocrit indicates 
increased mass red blood cells and hemoglobin the experimental animal 
patient. There are data one dog (3) indicate that the circulating red cell 
mass quite accurately proportional the jugular hematocrit. However, this 
donor cell technique affords method for determining individual animal 
the red cell mass large number widely different hematocrit 
are therefore here presented results pairs determinations hematocrit 
and cell mass three dogs with hematocrit readings varying from 
per cent. 

The animals used were all adult mongrel dogs which had been 
vaccinated against distemper. Their care has been described elsewhere (8). 
Diet consisted hospital table scraps. 

Plasma volume was done modification the Brilliant Vital Red dye 
procedure were taken from the jugular veins the same side 
the neck was used for the dye injection, the needle being flushed with blood 
occasionally. Stasis was avoided. Amounts dye were injected such that the 
final dilutions resulted readings both standard and unknown the colori- 


are indebted the members the Radiation Laboratory Berkeley, California, 
and particular Dr. Lawrence and Kamen for the radioactive iron used. 
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meter within per cent one another, these amounts being determined 
previously for each dog. single dyed sample was taken the end four 
minutes after injection the 

Hematocrits were determined the samples taken above, the blood being 
taken ml. (1.4 per cent) sodium oxalate ml. centrifuge 
tubes and spun about 2700 rpm. for minutes. 

Red cell circulating volumes were determined follows: initial sample 
ml. blood was drawn into ml. isotonic oxalate. Twenty-five milliliters 
blood containing citrated radioactive red cells from donor were then given 
vein through the same needle within thirty seconds’ time. After minutes 
during which the animal was permitted stand cage, another 
ml. blood were drawn before. The blood was divided each case 
there were triplicate samples for determination isotope activity. The 
aliquots were centrifuged for minutes and the hematocrits each read and 
averaged. The red cells were then ashed and the iron separated for electroplat- 
ing (3) and activity determinations (3, aliquot representative the 
injected blood was treated likewise triplicate and activity determined. Red 
cell volume was then calculated follows: 


Total radioactivity blood injected 
(Activity per 100 ml. min. cells) minus (activity initial cells) 


R.B.C. Volume 


Following determination the animal was bled sufficiently lower the 
hematocrit the desired level and after allowing few days for circulatory 
adjustment, another determination was made. 

The red cell volumes determined were then plotted against the correspond- 
ing jugular hematocrits and straight line determined the method least 
squares was then drawn. 

EXPERIMENTAL OBSERVATIONS. Although there loss tagged red cells 
from the circulation processes elimination comparable the loss carbon 
monoxide plasma volume dyes, nevertheless certain factors operate require 
some caution the analysis data obtained this method. donor cells 
are injected into normal dog, the usual circulatory equilibrium altered and 
there follows tendency toward reéstablishment the former status. The 
result that blood samples taken day following the injection may show 
increase concentration radioactivity the red due pre- 
sumably the fact that the animal has destroyed some its own red cells. 
The cells from the donor animal are typical red cells animal having 
had hypochromic anemia (by the nature the preparation the donor animals 
(6, 7)), they are somewhat hypochromic and microcytic nature, and are 
therefore somewhat more resistant than are the normal cells the recipient 
animal. 

have also encountered another difficulty the use this procedure. 
has not infrequently happened that the recipient dogs become 
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the blood the donor after repeated determinations are carried out. The 
symptoms are characteristic reaction transfusion dogs. There 
marked discomfort, fall blood pressure, occasionally vomiting, rapid 
thready pulse, running reflexes, and usually some spasticity the hind legs. 
None the ended fatally this series, but some animals were obvi- 
ously very near death several cases. Recovery fairly rapid, usually re- 
guiring only about twenty minutes. Blood samples taken from such animals 
showed extremely marked hemolysis centrifugation. All the new 
cells had usually disappeared from the circulating cells within ten minutes 
the time injection the donor obviously impossible determine 
the red cell volume these dogs under these conditions, but the difficulty may 
use another donor animal. 

Discussion. Inspection figure charts and indicates that there 
direct relationship, expected, between hematocrit and red blood 
cell mass the sense that the increased cell mass accompanied increased 
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hematocrit readings. stated previously, the simplest formulation this 
relationship would be: 


Hematocrit 


Red cell mass 


Graphically this means that the experimental points should fall straight 
line passing through the origin. dog 40-405, represented chart the 
line obtained the method least squares essentially this character. 
charts and however, the straight line best fit would indicate hema- 
tocrit values for zero cell suspects, therefore, that these points 
below hematocrit should fitted curve, rather than straight 
line. However, this region the curve not pertinent physiologically, since 
dog cannot live with hematocrit much less than 10. 

One may inquire the magnitude the error resulting from the assumption 
that the red cell mass proportional the hematocrit. chart assume 
that the circulating mass red cells known 480 grams hematocrit 
50. direct proportion hematocrit the red cell mass would 
240. Actually, determined from the experimental curve, 200. The 
value thus error per cent. 
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Elsewhere (3) was shown that the total blood volume remains 
constant with wide changes venous hematocrit. Data presented here indicate 
that the cell volume least linear function hematocrit the animals 
investigated. One would expect, therefore, that the circulating plasma value 
would decreasing function the jugular when one 
plots venous hematocrit against plasma volume, determined the Brilliant 
Vital Red dye dilution method (9), close relationship can demonstrated. 
This would suggest either that the plasma volume measured this procedure 
unreliable, that the circulating plasma volume not the same the total 
plasma volume. have suggested the latter recent communication (7). 
possible that the rapidly plasma volume fraction would in- 
versely proportional the hematocrit; but order prove this will 
necessary determine this fraction independently the red cell volume and 
not simple calculation based any assumption constancy between the 
jugular and average body hematocrit (6, this may done 
reinspection the early portions the curves optical density the 
blood stream plotted against time. the mixing time the red cells only 
slightly over two minutes (7) the dog, quite possible that the mixing time 
reason think, the absence better evidence, that the rapidly circulat- 
ing plasma volume related any consistent manner the total plasma volume. 
Rather likely that the amount plasma either fraction dependent 
the state the vascular system any particular time and the proportion 
each may well vary from one site another simultaneously. 


SUMMARY 


use the donor-tagged cell method for the determination red cell vol- 
ume dogs, has been shown that the individual dog linear relationship 
exists between the red cell volume and the jugular hematocrit over range 
hematocrit from per cent. 

suggested that the total plasma volume determined commonly 


employed methods not necessarily representative the actively 
4 

plasma volume. 
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LONG DURATION 
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The brief passage direct current through the ventricle the dog via non- 
polarizable electrodes has long been leave the tissues near the eleetrodes 
charged polarized state. discharging occurs gradually over period 
several seconds, rapidly first and then more describing exponen- 
tial deeay curve. Evidences have recently been presented which showed that. 
the responses brief D.C. stimuli (ca msec. duration) applied during 
the last half electrical systole were probably due persisting stimulus 
furnished the charged state and the consequent polarization 
response begins the end systole and consists single multiple premature 
systoles; sometimes train premature systoles leading into fibrillation (15). 
order learn more precisely the effects weak prolonged constant currents 
ventricular activity, and further analyze the process the initiation 
fibrillation, experiments were designed which polarity and rate flow were 
known and varied will, while the electrical activities various areas 
ular muscle were recorded. 

Animal preparations. dogs, five cats and two monkeys 
were utilized these experiments. results reported are taken mainly from 
the experiments dogs which are illustrative the whole were 
anesthetized with morphine and sodium barbital, cats and monkeys with dial. 
The chests the animals were opened mid-sternal longitudinal incisions, and 
the hearts were suspended pericardial cradles. 

Recording and stimulating methods. Contiguous riding electrodes (10) led 
three large Hindle string galvanometers which were arranged record the 
same all experiments records were made simultaneously from 
three areas the ventricle while given test current was applied. 
placement the leads remained vonstant during all the trials leading 
one fibrillation, but was varied from fibrillation fibrillation record the effects 
over the various parts the ventricular surface with maximum thoroughness. 

The apparatus for the application the stimulating polarizing current. 
shown diagrammatically figure 110 volt direct current line, D.C., was 
connected across voltage divider, which was used regulate the voltage 
the with the tissues was 10,000 ohm series resistor, 
milliammeter, with reading 10, and pole reversing switch, 
Contact with the tissues was made through electrodes, 
different one under the skin the upper end the chest the forelimb, and 
one the latter was about mm. diameter with 
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the contact end rounded bullet nose contact electrode 
was attached resilient multi-stranded copper wire order that might 
ride the ventricle, the manner the recording electrodes, without exerting 
undue pressure. The resistance the tissue and eiectrode part the 
was approximately 1000 calibrating circuit with resistor, 
was arranged that turning selector switch, could substituted 
for the tissue while the current was being adjusted before each test. 

The current was allowed flow maximum period five seconds during 
each was found experimentally that fibrillation was produced 
current given strength and polarity almost always appeared during 
the first five seconds, usually the first three. The range current intensities 
which were found useful was from about 0.5 5.0 each 
current value records were made first with the cardiac electrode the cathode, 
and two minutes later with this electrode the the sequence 
application nor the interval was observed change the 


Fig. Apparatus for applying direct current the ventriele: DC, 110 volt souree; 
193 ohm voltage divider; 10,000 ohm resistor; 1000 ohm resistor; seleetor switeh; 


the arrangement for the cathodal trial come first, each current strength, 
was based upon good reason which will appear later. 

and shows the forms recorded contiguous electrodes during 
normally initiated beats. The record consists essentially sharp 
initial spike and wave with isoelectric line occupying the rest the time, 
both systolic and diastolic. Polarizing currents and 
directions cause changes several kinds. For purposes shall 
consider separately the effeets weak currents which cause local discharges 
from the region the electrode (subthreshold for premature beats), 
stronger currents which induce local discharges (threshold suprathreshold 
for premature beats). 

The subthreshold currents are illustrated figure and The 
current was ma. both ventricular heart dia- 
grams) was the cathode and the anode these records, all 
others with subthreshold currents, the spikes show very little, any, change 
sharpness, width height also unchanged here, though 
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small changes may changes are evident, however, 
the portions between spikes which were isoelectric the absence the polar- 
izing current. Leads and (see heart diagram) are recorded order from 


we 


FIG. 


Normal from electrodes and some direct 
bottom top all figure. shift baseline when current was applied; 
moment contraction ventricle and relaxation; arrows, small (see 
fig. 3); vertical lines msec. intervals all 


the bottom the figure all leads there are and shifts 
the base line when the closed and opened (not shown). The 
magnitude the shifts influenced the distance the leads 
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polarizing electrode, their with respect the lines maximal cur- 
rent flow and the orientation the two lead points. are too small 
visible L-3 records and addition the and shifts, 
two other changes are seen during the flow: associated 
with the phases muscular activity during the and and 
phenomena not temporally correlated with the events 
(arrows). 

The inflections associated with muscular activities are seen leads 
Here evident that every case the systolic (S) the direction 
reducing the base line shift caused the applied current, and, the end 
systole comes another inflection returning the line the position 
mum trying explain these observations experiments were 
toward the detection and evaluation artifacts which might responsible for 
the deflections. The rocking lead electrodes within the limits seen 
beating heart had repeatedly been shown the absence polarization 
without effect the record. With polarization was found that degree 
inclination the electrode with respect the cardiae surface very much greater 
than that seen normal beats was required order produce change the 
recorded deflections, and then the most noticeable change was the height 
the spikes, indicating that extreme inclination the contact was somewhat 
interfered with. Then the electrodes were supported that they would only 
slightly indent the ventricle when made differential changes 
the systolic-diastolic deflections. Supporting the electrode the 
reducing the firmness contact somewhat diminished all defleetions including 
the spikes, the changes thus differing essentially from the phenomena under 
Holding the polarizing electrode that could not 
relaxed ventricle was without observable tests were made both 
with and without the 10,000 ohm current stabilizing resistor the polarizing 
circuit, the necessary adjustments voltage being made keep the current 
the desired values. The variations were very nearly equal 
with and without the effectively rules out large changes 
current flow cause the deflections since the entire resistance the 
trodes and tissues only one-tenth great the value the constant resistor. 
With this resistor the large changes tissue resistance could have 
only relatively minor the total resistance the tissue cireuit and, 
therefore, the current flow. 

The most probable explanation that the systolic-diastolic variations the 
recorded effect baseline level constant current are due changes 
conductance ventricular muscle, distinguished from total conductance 
changes all the tissues and fluids contained the Assuming that 
the galvanometer records represent potential differences between the two con- 
tiguous lead contacts, the direction the changes agreement with the 
findings Rapport and Ray (17) conductance changes the turtle 
conductance during systole, current flow being constant, would 
lower potential between the two leads, and the converse 
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changes would during diastole. Suitable rotation the lead electrodes 
minimizes base line shift and these The coincidence these 
changes with contraction and relaxation rather than with excitation probably 
means that the changes conductance are due gross physical changes the 
muscle and tissue fluids the region the pair leads, not cell membrane 
changes the kind associated with excitation. 

addition such and diastolic deflections, record 
potentials with period about msec., designated arrows. 
Here they are small and require close inspection other arrange- 
ments leads the phenomenon oscillating potentials the locality the 
polarizing electrode was displaved with greater magnitude and clarity. Figure 
shows them well. Here lead was only about mm. from the polarizing 
and the three leads were aligned the path probable greatest 
current density, since the indifferent was the tissues near the neck 
end the opening. The oscillations have fundamental period 
observations from dog and monkey hearts the intervals between crests have 
always been approximately multiples i.e., 40, and once 120 
figure the intervals are near msec. with the anodal current 
while the intervals are very close msec. with cathodal current 
ma. When ma. were applied anodally shortly thereafter there were 
mixed and msec. oscillations followed fibrillation. Transitional periods 
were not appears reasonable believe that these oscillations are the 
counterpart the oscillating potentials seen nerve placed en- 
vironment low ions and polarized (1), upon the 
moval caleium potentials nerve upon anodal polarization 
have not been reported, nor have frequencies forming series multiples been 
seen nerve studies, but fundamentally the processes are probably similar. 

Suprathreshold the intensity the current above the 
threshold for idioventricular discharges other changes become 
cardias and rhythms each polarity current oecur. 
qualitatively similar those seen with weaker currents but accentuated. The 
anodal polarization threshold for local idioventricular discharges about one 
and half two times high the For example, this experiment 
(fig. the anodal thresholds were about 3.5 ma. and the cathodal 2.0 
typical contrast rhythms shown this figure. The record 
shows regular rate, but accelerated over that the normally initiated beats 
about per cent. With stronger currents the increase may much 
per cent, the rhythm remaining regular. The anodal record shows 
type arrhythmia. The discharge each couple originates 
near the electrode and within the wave the previous cycle whose 
excitation normal origin. This one the two most frequent types 
arrhythmia seen upon anodal stimulation. The other type shown figure 
and this case there beats until the interval 
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separating two spikes the duration normal electrical systole, 
spike falls the wave the preceding one two things happens: 
There pause after which begins another series beats accelerating 
the same limit before, (2), the accelerating paroxysm quickens its rate 
acceleration and eventuates fibrillation. Both these sequences events 
are seen figure coupling also, short paroxysm may 
and lead fibrillation. Exceptionally, coupling and other arrhythmias 
are seen with cathodal stimulation. These rare responses seem more 
likely the cat experiments, though the responses ordinarily 
follow the patterns deseribed. 

Another feature often seen upon cathodal stimulation shifting 
cedences spikes recorded from two locations the ventricle. The changes 
time relations may relatively great figure the spikes 
leads and (middle and upper electrograms, respectively) show alternat- 
ing relationship. the first beat after the current was applied lead preceded 
msec., and similarly until the current was looking 
spikes only one these electrograms the impression would gained that 
long and short cardiae cycles were alternating, but the intervals are fairly con- 
stant between given spike lead and the one the next lead 
from this the next lead and the next lead ete. These relation- 
ships suggest that the point origin the excitatory discharges shifting. 
the zone about the pole (S), the region highest excitability probably 
ring around the electrode, and the discharge appears originate different 
parts this peripolar zone, one time nearer lead and next nearer 
Distance, per se, may not the only factor determining the relative times 
excitation these two points, but unequal accessibility the two points because 
changes conduction may factor. The shifting origin excitation 
further attested the alternating contours the spikes lead indicating 
different approach this area every second beat. 

Anodal polarization did comparable shifting 
tween figure the ventricular excitation from the normal im- 
pulses, the ma. current being subthreshold after the polarity was changed. 
figure 4A, however, the cathodal lead follows lead interval that 
varies from msec., while the anodal records, and follows 
interval which much more constant, ranging from msec. 

Fibrillation. With constant current stimulation fibrillation 
anodally induced phenomenon. tabulation all fibrillations con- 
secutive animals showed 125 fibrillations resulting from anodal stimulation and 
only from cathodal stimulation. More than per cent the fibrillations, 
therefore, were anodal origin. many animals 100 per cent the fibrilla- 
tions were anodal, and this the finding when the 
carefully graded kept near the fibrillation threshold, though very rare 
cathodal fibrillation will relatively low threshold. 

Fibrillation threshold must not confused with the threshold for 
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local systoles. The two, however, are near the same terms current 
readings when anodal stimulation local irregular discharges 


td 


rhythm over normal rate, but with about normal and ma. 
lowed rapidly accelerating series eventuating 

Note changing shapes spikes (see subthreshold for loeal 
rhythms this 


brief paroxysms beats during anodal stimulation the probability 
very great that fibrillation will occur within this application three five 
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seconds, upon repetition the same current few minutes increase 
few tenths milliampere may required. With cathodal stimulation 
locally initiated beats and offer practically prospect fibrilla- 
tion. If, for example, local are induced current ma., fibrilla- 
tion seldom results from current ma., and cannot depended upon 
every time ma., though fibrillation usually will with such ex- 
cessive currents. 

The events leading fibrillation with anodal stimulus are shown figure 
the spike sequences originating the region the in- 
tervals between these beats progressively diminish until the limiting interval 
tion occurs after six premature beats, lead two after seven eight, 


Fig. Anodal fibrillation illustrating discharges originating region 
polarizing electrode accelerating rate. 


lead after eight perhaps seen that the premature 
and the fibrillation begin the tissues adjacent the evidences 
which show that these premature deflections are due discrete discharges and 
that they originate the site the electrode are the same those 
previously (15) found when fibrillation was evoked brief single stimulus 
placed the latter part svstole. The train discharges that introduces 
fibrillation upon anodal polarization resembles very closely the series 
troduces fibrillation after single brief from moderate 
ma.) current occurs seldom that one cannot say that any form 
typical, but the series discharges approaching fibrillation has been 
found differ from the anodal approach two ways: The cathodal series 
rapid induced beats long, containing about spikes instead 
Such long rapid bombardment has never been seen 
anodal fibrillation. Though there accelerating trend cathodal 
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series rapid beats, there some slight waxing and waning frequency the 
general overall acceleration takes place. 


Summary relationships between the effects near the anode and near the cathode when galvanic 
currents are applied the mammalian ventricle 


POLARITY 
EFFECT 
Anodal Cathodal 
Production shifts base 

opposite 

msec.) likely msec. likely 

times 

Rhythm Characteristically Usually regular 

irregular 


Relation between times onset spikes 


given separate points............. Relatively Shifts timing and 


sequence 
Probability fibrillation when local discharges 


Discussion. Fibrillation: result effects local repetitive 
elucidation the mechanism the initiation ventricular fibrillation, and the 
discovery agents and procedures which facilitate inhibit its development 
constitute the objective the series electrographic studies which this one 
part. Moe, Harris and Wiggers (15) recently demonstrated that the 
fibrillation which results from brief electrical stimulus applied late systole 
preceded train locally initiated beats occurring accelerating 
rate. present experiments show that the fibrillation that results from the 
application constant current introduced similar accelerating series 
discharges from the region the polarizing electrode. From these and other 
findings these two studies may deduced that this rapid accelerating 
activity brings about changes the functioning the which 
allow the intervention fibrillation. has long been known that the heart 
rate increases electrical systole shortens, the refractory period shortens, and the 
rate conduction diminishes Moe, Harris and Wiggers (15) observed 
upon the application induction shocks mammalian ventricles serial 
manner with progressively diminishing intervals separation that the refractory 
diminished and conduction was slowed succeeding 
was produced the rhythm the applied shocks was 
made accurately mimic the rhythm the discharges leading fibrillation 
brief stimulus. Slowed conduction coupled with short refractory period 
are conditions which, sufficiently developed, permit the occurrence circuitous 
reéxcitation fibrillation. 
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Anodal and cathodal polarization. The salient observation this study 
fibrillation constant currents that the pre-eminence anodal polariza- 
tion fibrillating agent, and, contrast, the relative impotence cathodal 
polarization. However, the production locally initiated impulses and 
weak currents are more effective the cathode than the anode. 
The processes involved the establishment fibrillation, therefore, must 
contain some factor factors which differ significantly from those necessary 
for mere local initiation impulses, though these are prerequisite fibrillation. 

Changes properties related excitation which attend anodal polarization, 
other than the classical electrotonus phenomena, are the development re- 
covery through supernormality (4) and slowing (19). 

Supernormality Ashman and Hafkesbring (2) attributed 
intermittent groups discharges turtle heart muscle, initiated in- 
duction shock, recovery through supernormality. Treppe and fatigue with 
attendant increases and decreases local excitability were offered explanation 
the observed waxing and waning, respectively, the discharge 
during group, and the further development fatigue led the intervals 
between groups. our polarization experiments, however, rhythms which 
closely resembled those Ashman and Hafkesbring were never obtained. The 
idioventricular beats which occurred upon cathodal polarization were usually 
found quite regular rate. exception the rare case fibrillation 
the cathode with moderate current. relatively mild intermittence evi- 
dent the long accelerating train beats. During anodal polarization in- 
termittence often but not with waxing and waning frequency 
discharge. The usual pattern acceleration throughout the period. the 
period idioventricular impulses ended without fibrillation the end came when 
the intervals between discharges became reduced until the spike one elec- 
trogram reached the wave the preceding one. The time relation between 
the end one systole and the beginning the next one such series beats 
was progressively changing from one beat the next, the two approximating 
each other more closely with each succeeding cycle. This systematically and 
rapidly changing relationship hardly consistent with the view that the dis- 
charges result from recovery through supernormality. Many experiments 
Moe (unpublished) which the cycle was minutely scanned testing 
stimuli failed reveal evidence supernormal period the ventricles (un- 
polarized) open chested dogs. few trials made during the flow 
weak polarizing currents were negative also, but account the smallness 
the number trials and certain technical inadequacies, these were considered 
inconclusive. 

favor the view that supernormality could have occurred the finding 
Hoff and Nahum (12) that supernormal excitation occurs mammalian ven- 
tricles under certain experimental conditions and the demonstration Blair 
(4) that nerve anodal polarization produces the property recovery through 
supernormality. coupling type arrhythmia occasionally seen may 
reasonably accounted for manifestation recovery from the first beat 
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each couple, usually normal origin, through supernormality. The second 
beat the couple was local origin and during the latter part the 
wave shortly thereafter, corresponding very well with the statement 
Hoff and Nahum that supernormality during the wave. However, 
coupling not the kind response which introduces fibrillation, and the evi- 
dence hand does not indicate that supernormality plays important 
its production. 

Accommodation and fibrillation. Evidences from nerve physiology reveal 
that readiness for spontaneous activity, repetitive discharging response 
constant stimulus single brief stimulus regularly accompanied 
low rate accommodation (13). Erlanger and Blair (8) found that sensory 
nerve fibers repeat more readily than motor fibers, and correspondingly, 
sensory fibers accommodate less rapidly than motor fibers. They have also 
observed that anodal polarization enhances produces repetition excised 
frog nerve subjected constant stimulus nerves with cir- 
culation intact respond slightly currents with repetitive dis- 
charges the cathode anode, the greater series being elicitable the anode 
(18). Accommodation slow circulated nerves (20) (16), and anodal polar- 
ization has the effect reducing accommodation while cathodal polarization 
increases (19). 

Under conditions slow accommodation, according Katz (13), single 
strong brief stimulus applied nerve evokes multiple response its fibers. 
general, the slower the process the longer the period 
repetitive discharge from stimulus given strength. Likewise, the more 
intense the stimulus (the higher the Hill (11)) 
being equal, the longer the period repetition. the rate 
sufficiently slow the may remain above the threshold during 
period long enough span many discharges and their refractory periods. 

anodal polarization reduces the rate accommodation cardiac muscle 
does nerve, and cathodal polarization correspondingly increases ac- 
commodation, reasonable explanation available for the great effectiveness 
anodal polarization fibrillating agent and for the relative ineffectiveness 
currents the cathode the production fibrillation. 

Local responses tissues which exhibit autogenous excitability cycle like 
muscle may classed categories: first, responses which there 
one discharge only upon each local rise the excitatory process, and second, 
multiple discharges from single rise the first group would 
the ventricular responses seen upon cathodal polarization and the 
responses which are spaced more widely than the duration normal 
systole. The regularity the discharges and the increase rate above the 
normal during the tachycardia from cathodally polarized zone are indicative 
uniformly elevated excitability suggesting the plateau the cathodal ex- 
citability curves found heart experiments Gilson and Peugnet (9) and 
nerve experiments Erlanger and Blair plateau represents state 
balance between two processes, one enhancing irritability 
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and the other depressing (accommodation). This regularity discharge 
observed during cathodal practically eliminates the possibility 
that any multiple discharges resulted from any single rise the local excitatory 
process during these trials. absence multiple responses single excita- 
tion would logical result rapid excessive 
suprathreshold currents, conceivably, could over-ride the accommodation and 
produce group repetitive discharges from single local excitation and 
thus quickly produce the great acceleration heart rate required for the in- 
duction fibrillation. Excessive currents did sometimes produce such results 
the cathode. 

their study repetitive responses polarizing currents, Erlanger and 
Blair (7) found that threshold curves nerve fibers the cathode not aiways 
describe smooth plateau. Those yielding different types repetitive responses 
exhibited correspondingly different threshold curves, rising, falling os- 
cillating thresholds. gradually falling threshold the cathode the ven- 
tricle could explain the gradual acceleration seen those rare when 
such acceleration and eventual fibrillation resulted from moderate cathodal 
stimulation. 


multiple responses resulting from persisting excitatory state following 
single stimulus, autogenous applied, each discharge should immediately 
upon the restoration normal excitability. Moe, Harris and 
duced evidence which indicates that this restoration complete the end the 
wave. reduction threshold for extrasystoles was demonstrable after 
this, nor was there further shortening the latent period extrasystoles evoked 
brief stimuli. Discharges which are due persisting local excitatory state, 
therefore, may expected occur before the end the 
which occur appreciably later must due new stimulus. The character- 
istic short series about five seven discharges occurring short and dimin- 
ishing intervals which leads fibrillation upon anodal polarization abundantly 
obeys the condition prescribed for multiple discharges from single stimulus. 
every case succeeding spikes these runs beats have fallen within 
interval shorter than the R-T normal cycle, and when the limiting interval 
between spikes about msec. reached less than half the duration 
the R-T segment normal electrogram (170-210 msec.). Each time that 
fibrillation from anodal polarization occurs the same pattern accelerating dis- 
charges almost repeated, and this typical pattern again very similar that 
which introduces the fibrillation that results from single brief stimulus. This 
essential similarity patterns series beats leading fibrillation, one ex- 
cited single brief stimulus and the other the anode constant current 
considered together with the fact that anodal polarization reduces accommoda- 
tion and therefore conveys the capability multiple responses single ex- 
citation present forcible argument that the anodal series also multiple 
response single excitatory process arising within the tissue. essential 
condition for facilitating the production fibrillation appears low rate 
accommodation. 


329 


330 SIDNEY HARRIS AND GORDON MOE 


Other direct effects the anode, reported nerve studies, which may well 
factors contributing the establishment fibrillation are local slowing 
conduction and shortening the refractory period (3). These changes are 
qualitatively like those produced the whole ventricle rapid series 
discharges, however excited. might argued that the direct effects the 
current the anode, slowing conduction and shortening refractoriness, con- 
stitute the prime factor the induction fibrillation. But the well established 
observations that each fibrillation preceded accelerating series 
local discharges, never occurring without them, and that fibrillation oc- 
casionally produced the cathode without excessive current may regarded 
evidence that the rapid discharges are main importance the production 
the changes that permit fibrillation. direct anodal effects slowing 
conduction and shortening refractoriness probably play contributing 
though its importance cannot present estimated. The indispensable 
factor for the production ventricular fibrillation seems very rapid 
series locally excited beats. 


SUMMARY 


method for applying currents controlled polarity and rate flow 
the mammalian ventricle described. Responses from practically the whole 
ventricular surface were sampled recording from three local areas simultane- 
ously and changing the positions the riding contiguous electrode leads from 
time time. 

Currents, subthreshold for extrasystoles, could give rise several kinds 
changes the record: and shifts the base line upon closing and 
opening the circuit respectively; inflections and changes level associated 
with the phases muscular activity. The amount displacement the base- 
line was reduced during systole, restored maximal during diastole. After 
ruling out contact artifacts these features were attributed conductivity 
changes associated with contraction and relaxation. 

Both anodal and cathodal polarization give rise oscillating potentials not 
associated with the phases the cycle. The periods the oscillations 
were near and msec. Cathodally produced oscillations are higher and 
are likely the higher frequency (25 cycles per sec., msec. period). 

The idioventricular beat threshold was lower for cathodal polarization than 
for anodal, but the anodal threshold for fibrillation the lower. The anode 
preéminently effective producing fibrillation. With equal applications 
currents near fibrillation threshold per cent all fibrillations were anodal 
origin. 

Cathodal polarization suitable intensity usually produces tachycardia 
regularly spaced idioventricular beats, while anodal polarization produces 
characteristically irregular rhythms. The point origin the discharges 
appears more constant anodal polarization. all cases fibrillation 
resulting from polarizing currents induction via accelerating series dis- 
charges from the region the polarizing electrode. 
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the discussion, findings from studies excitation and spontaneous rhyth- 
micity nerve and muscle are considered and correlated with the observations 
fibrillation. Absence of, low rate accommodation appears the 
condition essential spontaneous rhythmicity and multiple discharges 
response single excitation. The probable association the reduction 
accommodation anodal polarization with the great effectiveness the anode 
the production fibrillation pointed Direct anodal effects locally 
reducing the conduction rate and reducing the refractory period are considered 
and assigned contributing 
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There have been few studies the effects produced the heart varying 
the concentration Ca, and ions within limits close 
especially true the mammalian heart. The present study was made 
obtain further information concerning the various mammalian heart 
preparations varying the concentration the plasma ions within these limits. 

EXPERIMENTAL. Three different preparations were used these 
The right atrium preparation the guinea pig (Spealman, 1940) 
was used study the effects the ions the rate beat, the amplitude 
contraction, and the duration contraction the heart. The term ‘‘duration 
contraction” used mean the total period during which the heart muscle 
under increased tension. these experiments, the procedure was perfuse 
the heart with normal Locke’s solution for period from minutes; 
then the experimental Locke’s solution which was studied was perfused for 
similar length time; and finally, normal Locke’s solution was again perfused. 

Values for the heart rate, the amplitude contraction, the duration 
contraction the case might be, were recorded every minutes. The 
heart rate was determined, using stop watch. The amplitude contraction 
was determined noting the extent excursion the heart lever milli- 
meter ruler held close the lever but not touching it. The duration con- 
traction was determined from tracings the heart lever. 

The Langendorff preparation was used for electrocardiographic studies the 
excised guinea-pig heart. Just the experiments with the right atrium 
preparation, records were taken with the heart perfused with normal Locke’s 
solution both before and after the observations with the experimental Locke’s 
solution. The.electrodes used for contact with the heart were silver wire coated 
with silver chloride. Contact was made inserting one electrode through the 
atrial tissue and the other through the ventricular tissue. Only the effects 
varying the and ion concentrations were studied these experiments. 

Dogs anesthetized with Dial Nembutal were used for observations the 
effect and ions the heart the intact animal. The procedure was 
infuse concentrations these salts intravenously the rate 
per minute over period hour more order increase the concen- 
tration either these salts. lowering the serum was 
accomplished infusing isotonic sodium oxalate the rate ce. per 
minute. Lowering the serum was brought about short (10 min.) 
intravenous infusion 20,000 epinephrine rate cc. per minute. 
D’Silva (1934) and others have shown, this causes rather prolonged lower- 
ing the serum was possible the present experiments allow the 
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effect epinephrine disappear before taking observations. most these 
experiments (see tables and the vagi were cut; for evidence the literature 
indicates that the vagus center might strongly stimulated infusing 
(Hoff al., 1939) and possibly observations 


TABLE 
The rate beat, the amplitude contraction, and the duration contraction the guinea-pig 
right-atrium when perfused with solution various compositions 

each experiment the average the values obtained with normal Locke’s solution was 
taken 1.00. The results several experiments are averaged give the values the 
table. The letters P.D. signify that progressive decrease heart rate amplitude 
which prevents the calculation numerical value these indicates 
that data were obtained that concentration. 


ion concentration solution varied 


Ca ION CONCENTRATION (M/L) 


NUMBER 
OF HEARTS 


| K ION CONCENTRATION (M/L) 
| NUMBER OF 
| HEARTS 
0.001 | 0.002 0.004 0.008 
ion concentration Locke’s solution varied 
ION CONCENTRATION (M/L) 
NUMBER 
0.14 0.16 0.20 
ion concentration Locke’s solution varied 


(lead observations the intraventricular pressure with the Hamilton 
manometer, and blood samples were taken approximately half-hourly inter- 
vals. The sera the blood samples were analyzed for the method 
Kramer and Tisdall for the method Kramer and Tisdall 
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(1921b). Since only part the serum exists ion, the serum deter- 
minations only indicate the changes ion concentrations which took place 
the experiments. 


TABLE 


The electrocardiogram the guinea pig heart perfused the method with 
solution different and concentrations 


each experiment the average the values found normal Locke’s solution was taken 


1.00. 


the table (see under remarks). 


certain cases the results several experiments are averaged give the values 


ion concentration solution varied 


0.004 1.00 1.00 1.00 Normal Locke’s solution 
1.03 0.89 Average for hearts 
1.18 0.87 One heart, progressive decrease rate 
ion concentration Locke’s solution varied 
Cc N 
R-R P-R Q-T REMARKS 
0.001 1.20 0.75 1.90 One heart, progressive decrease rate occurred 
1.05 0.90 Average for hearts 
0.004 1.00 1.00 1.00 Normal Locke’s solution 
1.06 1.05 Average for hearts. block 


Fig. 


both 


Fig. 


Fig. The original electrocardiograms were redrawn accurately possible graph 
paper obtain the above reproductions, which illustrate the usual changes 
the present experiments during intravenous infusion the record the left 
the serum was 2.4 the record the right (taken 105 min. later), the 
serum was4.2mM/L. Note the increase the P-R interval and the height P-wave 
record the right. 

The above reproductions, obtained figure illustrate the usual changes 
the present experiments occurring during intravenous infusion KCl. the record 
the left (control), the serum was 4.3 the other record (taken min. later) 
the serum 6.2mM/L. Note the decrease the P-R interval and the increase the 
height the T-wave the record the right. 


Table summarizes the results obtained the right atrium the 
guinea pig. All values the table are expressed decimal fractions the 
average the values obtained with the normal Locke’s solution. The table 
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shows that, within limits close normal, the heart rate uninfluenced 
traction increases the ion concentration increases but not greatly 
the other ions studied, and the duration response slightly influenced 
both and ions but not ion. The table further shows that depressive 
changes abnormalities such decrease the heart rate depression 
the amplitude contraction, may appear when the concentration these ions 
too different from normal. depressive changes were found with ion; 
this probably because the concentration was not varied sufficiently. 

Table summarizes the data obtained the guinea-pig 
heart perfused the Langendorff method. values are expressed decimal 
fractions the average the values obtained with normal Locke’s solution. 
The data suggest that the R-R interval affected these experiments only 
when the perfusion solution was sufficiently abnormal cause lengthening 
this interval. P-R interval decreases the ion concentration rises, and 
increases the ion The Q-T interval appears not greatly 


Fig. pressure records illustrating the increase systolic pressure 
that usually during intravenous infusion the record the left 
(control), the serum was the middle (taken min. later), the serum 
was the the right (taken min. after the middle record), 
the serum was 6.6 mM/L. The pressure values obtained from the above reeords are 
respectively 135, 180 and 255mm Hg. Time 0.2 sec. 


Figures and illustrate some the findings the electrocardio- 
graphic and pressure studies acute experiments with intact 
animals Figure shows that the P-R interval and the height the 
P-wave are increased with increasing serum concentration. Figure 
that the P-R interval decreased and the height the T-wave increased with 
increasing serum concentration. Figure shows that the intraventricular 
pressure increased with increasing serum concentration. summary 
the total findings these experiments given tables and The tables 
show that the effects illustrated the figures were present most the dogs 
studied. These tables also give information other measurements which will 

arises the interpretation the data obtained 
this study. The effeet produced when the concentration any cation 
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effect which only signifies that the perfusing fluid abnormal. 
This fact must kept mind especially when the results tables and are 
considered. 

the following discussion, the various activities properties the heart are 
considered under separate headings. 

Heart rate beat the guinea pig right atrium not 
the concentration the Na, ion, provided these are within 
limits close normal. Outside certain limits, the heart rate tends decrease. 
This likewise true the Langendorff guinea-pig preparation for the ions (Ca 


Changes the systolic intraventricular pressure the duration the intraventricular 
pressure curve (Dur.), and the electrocardiogram (lead the intact dog 
during experimental variation the plasma concentration 

The number dogs studied and the average maximum change the serum are 
indicated the first two columns. table the number dogs which showed 
(+), change decrease (—) the various values the highest 
lowest experimental values reached. accurate readings some the values 
could not obtained; these fewer observations are recorded than there were 
experimental animals. The vagi were cut all animals. 


5 +2.94 5 0 0 1 0 0/0; 5 4 0 1 0 1 2 3/10); 0 4 2 2 
2 '—0.90 0 1 1 0 2 2 0 0/0; 2 2 1 0 1 


TABLE 
Cardiac changes occurring during experimental variation the plasma concentration 
This table the same manner table 
one animal each group. 


The vagi were cut all except 


HEART RATE 4 # A DUR. P-R Q-T HT. OF P HT. OF R Hr. oF T 


and studied. There general agreement the published literature con- 
cerning the physiologic effects the various ions the heart rate; and the 
present findings give support the positive findings others. the acute 
experiments the dog, the heart rate showed tendency increase, especially 
with the infusion this case, the average increase was 
beats per minute. Others have reported decrease heart rate result 
infusing caleium chloride, supposedly due vagus stimulation (Hoff al., 
1939); however, the present experiments the vagi were cut. this 
acceleration heart rate due sympathetic stimulation; however, the heart 
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rate often remained increased even after infusion was stopped and the serum 
was approaching its original value. 

Amplitude contraction. ion seems the chief cation which believed 
affect the amplitude contraction the heart. However, there are several 
reports the literature indicating that ion affects the amplitude contrac- 
tion manner opposite ion. the present experiments there was 
marked increase amplitude contraction the guinea-pig heart the 
ion concentration was increased. Both and ions, when sufficiently 
high low concentration, caused depression the amplitude contraction, 
which presumably due the abnormality the solutions. the acute 
experiments the dog, variation the plasma concentration caused some 
change the intraventricular systolic pressure; however, this was small. With 
increased serum there was average increase blood pressure mm. Hg; 
with decreased serum there was average decrease 15mm. this 
slight effect significant, should noted that the opposite direction 
that usually postulated for ion the excised heart. However, variation 
the serum concentration caused marked changes the intraventricular 
pressure. The average increase with increased serum was and the 
agreement with the fact ion increases the amplitude cardiac con- 
traction. must admitted, however, that this ion the intra- 
pressure the intact animal might not direct ion the 
heart. definite concerning the site action ion these 
experiments cannot obtained from the present data. 

Duration ventricular response. Since the time Ringer, generally 
believed that increasing the ion concentration causes decrease the dura- 
tion the ventricular response, while increasing the ion concentration in- 
creases the duration the response. The present findings the guinea-pig 
heart tend support the above belief; however, the changes found are small 
magnitude. The results obtained the heart the dog experiments are 
cult interpret owing the fact that the heart rate often increased appre- 
ciably. This may the explanation the slight shortening the duration 
the intracardiac pressure curves some the experiments. 

Electrocardiographic changes. the following discussion should kept 
mind that the heart rate and blood pressure showed some variations the 
acute experiments with the dog, especially the case infusion 
chloride. Possibly some the changes the electrocardiogram are secondary 
these changes. 

The studies the Langendorff preparation the guinea-pig heart indicate 
that the P-R interval decreased increasing the ion concentration, and 
increased increasing the ion concentration. The experimental findings 
the heart the intact dog are agreement with those the perfused guine: 
pig heart, far the P-R interval concerned. Observations the literature 


the effects and ions the P-R interval are rather few and cannot 
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Other and ion the electrocardiogram were noted. the 
excised guinea-pig heart, was found that the Q-T interval was considerably 
lengthened when perfused with Locke’s solution containing low ion 
trations. This finding interest since this alteration the electrocardiogram 
has been reported cases man (Carter and Andrus, 1922). 
The evidence that the Q-T interval influenced the plasma concentration 
only suggestive the case the present dog experiments. 

the heart the dog was further found that the height the P-wave 
tended vary the same direction the plasma concentration. The 
results obtained the guinea-pig heart not show this 
effect. However, Edwards and Page (1926) found that dogs treated with 
parathyroid extract sometimes showed increased P-wave amplitude. The 
other electrocardiographic results obtained with the intact dog showed sig- 
nificant variation with the exception that the height the T-wave showed 
tendency vary the same direction the plasma concentration. This 
interest since increased amplitude the T-wave due increased con- 
centration has been reported (Nicholson and Schecter, 1937). 


SUMMARY AND CONCLUSIONS 


the guinea-pig right atrium preparation, depressive abnormal 
changes, such decrease rate which was usually progressive, depression 
the amplitude contraction, arrhythmia, when the concentration 
the various ions was too different from normal. Within limits close normal, 
the most definite positive effect was the variation the amplitude contraction 
with the ion concentration. There was also some suggestion that increasing 
the ion concentration caused increase the duration the response, 
while increasing the ion concentration caused decrease the duration the 
response. 

the Langendorff preparation the guinea pig heart, the heart rate was 
independent the ion and ion concentrations within regions close 
normal, but was depressed certain instances where the concentration was too 
different from normal. The P-R interval lengthened the ion concentra- 
tion increased, and shortened the ion concentration increased. The Q-T 
interval was lengthened the ion concentration decreased, but was not 
greatly affected changing the ion concentration. 

the acute experiments dogs, which the plasma concentration was 
varied, the intraventricular pressure, the P-R interval, and the height the 
P-wave all tended vary the same sense with the plasma concentration. 
The duration response was slightly decreased and the heart rate was increased 
when the plasma concentration was raised. The Q-T interval, the height 
the R-wave, and the height the T-wave showed very definite tendencies 
vary with the plasma concentration. 

the acute experiments dogs which the concentration was 
varied, the intraventricular pressure and the height the T-wave tended 
vary the same sense and the P-R interval the opposite sense with the plasma 
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concentration. The magnitude the intraventricular pressure changes was 
small. The duration response was slightly decreased when the plasma 
concentration was raised. The heart rate, the Q-T interval, the height the 
wave, and the height the wave showed definite tendencies vary with 


the plasma concentration. 
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Active intestinal absorption chloride against concentration gradients has 
been extensively studied recent years Ingraham and Visscher (1, 3), who 
have shown that under certain experimental conditions the lower ileum can 
reduce the chloride concentration the lumen values low 0.5 per cent 
the blood plasma level. appears probable that the active process involved 
for large share the chloride absorbed the intestine. view 
the importance bile salts the absorption wide variety substances, 
seemed desirable study their influence active chloride absorption. 

Dogs were anesthetized with pentobarbital sodium injected intra- 
peritoneally. loop lower ileum about feet long and about inches from 
the cecum was isolated. rubber cannula was inserted one end the loop 
and bent glass cannula the other. was then rinsed out with liters 
isotonic NaCl about 37° until the washings were rubber cannula 
was then substituted for the glass one, and the loop was again rinsed out re- 
move traces blood. After the rubber cannulas had been closed with short 
lengths glass rod the loop was returned the abdominal cavity for few min- 
utes. was then drawn out and divided into two adjacent loops equal length 
ligature placed its center. The loops were returned the abdominal 
cavity and allowed rest for minutes. The dog was kept warm with 
electric lamp during the entire experiment. 

the end the rest period control solution half isotonic sodium chloride 
and half isotonic sodium sulfate 37° was injected into one loop, and similar 
solution containing bile salts was injected into the other. Fifteen minutes were 
allowed for absorption. The loops were emptied into graduates, and after the 
volume was read, each was washed out rapidly with cc. distilled water. 
The recovered fluid and washings each case were made ec. and ana- 
lyzed for chloride the method Van Slyke (4). 

large number experiments the bile salt solutions used had sulfate and 
chloride concentrations equal close those the controls, but many cases 
the distilled water, added maintain isotonicity, lowered these values consider- 
ably. calculating isotonicity per cent ionization the bile salts was 
assumed except the case sodium glycocholate which the was 
based the data Roepke and Mason sodium chloride present 
impurity the commercial bile salt, sodium taurocholate, and one the sodium 
glycocholate preparations was also considered estimating isotonicity. 

Other experiments were carried out with sodium acetate, glucose, sodium bi- 
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TABLE 


Influence commercial bile salts chloride and water absorption 


VOLUME NaCl 
EXPT. SOLUTION TONICITY ABSORBED 
Original Final Original Final 
ce. cc. per cent per cent per cent 
Control* 1.00 20.0 20.5 0.45 0.40 
per cent 20.0 21.2 0.44 0.46 


cial bile salts (CBS) 


Control 13.0 0.45 0.24 
per cent CBS* 1.09 20.0 17.0 0.44 0.45 


Control* 1.00 20.0 13.3 0.45 
per cent CBS 1.05 20.0 13.3 0.44 0.36 


Control 


1.00 20.0 16.3 0.45 
per cent CBS* 1.05 20.0 15.0 0.44 0.44 


Control* 
0.2 per cent CBS 


14.8 


Control 


0.2 per cent CBS* 


S 
= 
to 
= 
= 
= 
to 
a 
w 


lower loop. 


TABLE 


Influence sodium taurocholate chloride and water absorption 


VOLUME NaCl 
Original Final Original Final 
ce. cc. per cent per cont 
per cent Na-taurocholate 1.21 20.0 19.5 0.47 0.50 
Control 20.0 15.8 0.45 0.27 
per cent Na-taurocholate* 1.21 20.0 18.5 0.47 0.55 


per cent Na-taurocholate 16.3 0.41 0.40 


20.0 


per cent Na-taurocholate 1.09 15.0 0.45 0.31 


per cent Na-taurocholate* 20.0 12.5 0.45 0.27 


Control* 
0.5 per cent Na-taurocholate 


20.0 


lower loop. 


1.01 20.0 16.0 0.46 0.33 
1.00 20.0 14.0 0.45 0.33 
0.52 
1.05 20.0 12.7 0.45 0.21 
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carbonate and saponin. The methods used were identical with those just 


0 

The experiments with bile salts are described tables 
Two per cent commercial bile salts decreased water and active chloride 


tion. The one per cent solution apparently decreased chloride absorption 


TABLE 


Influence sodium glycocholate chloride and water absorption 


VOLUME NaCl 
| | Original Final Original Final - 
Control* 1.00 20.0 15.8 0.45 0.31 
per cent Na-glycocholate 21.5 0.40 0.56 
1.00 20.0 14.3 0.45 0.24 
per cent Na-glycocholate* 1.09 20.0 18.4 0.40 0.49 
Control* 1.00 20.0 15.0 0.45 0.36 
1.5 per cent Na-glycocholate 20.0 17.3 0.37 0.47 
Control 1.00 20.0 15.0 0.45 
1.5 per cent 17.0 0.37 0.48 
0.8 per cent Na-glycocholate 20.0 18.0 0.52 
Control 1.00 20.0 17.5 0.45 0.32 
0.4 per cent 20.0 18.0 0.41 
Control* 1.00 20.0 12.3 0.45 0.24 
0.4 per cent 1.08 20.0 21.5 0.46 0.40 
Control* 1.60 20.0 0.45 0.37 
0.4 per cent 20.0 17.8 0.48 0.40 
1.02 20.0 17.5 0.46 0.32 


0.2 per cent Na-glycocholate 


lower loop. 


slightly but had significant effect water absorption. One and five-tenths 
per cent sodium taurocholate definitely reduced chloride and water absorption, 
but concentrations 1.0 per cent less had influence either process. The 
absorption chloride and water was decreased sodium glycocholate concen- 
trations 0.2 per cent higher. Sodium deoxycholate decreased both types 
absorption concentrations low 0.2 per cent. 

The results obtained with bile salt solutions cannot explained reduction 
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chloride sulfate concentrations, for experiments and 37, table 
which sodium acetate glucose was substituted for bile salts, chloride and sulfate 
concentrations were considerably reduced with significant decrease chloride 
water absorption. 


TABLE 


Influence sodium deoxycholate chloride and water absorption 


VOLUME NaCl 

Original Final Original Final 

| cc. ce. per cent per cent per cent 
Control* 1.00 20.0 13.0 0.45 0.27 
per cent Na-deoxycholate 1.00 20.0 19.5 0.33 
1.00 20.0 0.45 
1.00 15.5 0.45 0.31 
per cent Na-deoxycholate 1.00 20.0 21.3 0.39 0.51 —40 
0.5 per cent Na-deoxycholate 20.0 17.5 0.42 0.45 
1.00 20.0 20.0 0.45 0.40 
0.5 per cent Na-deoxycholate* 1.00 21.0 0.42 
Control* 1.00 20.0 13.3 0.45 0.26 
0.3 per cent 20.0 16.7 0.43 0.49 
Control 1.00 20.0 13.3 0.45 0.32 
0.3 per cent Na-deoxycholate* 1.00 20.0 17.0 0.43 0.50 
Control* 20.0 15.5 0.45 0.32 
0.2 per cent 18.8 0.44 0.55 

1.00 20.0 14.3 0.45 0.28 
0.2 per cent Na-deoxycholate* 16.3 0.44 0.42 
per cent Na-deoxycholate 20.0 12.2 0.27 


0.1 per cent Na-deoxycholate* 20.0 13.8 0.44 0.38 


lower loop. 


Osmotic effects were probably importance except experiments and 
This seems satisfactorily demonstrated experiments and 12, 
which slightly hypertonic solutions produced appreciable change. 

The bile salts, especially sodium glycocholate and sodium deoxycholate, tend 
make the solutions alkaline because they are salts strong base and weak 


. 
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acids. The work Ingraham and Visscher (3) suggests that this may lower the 
rate active chloride absorption, but experiments 36, and (table indi- 
cate that neither nor buffering power can account for the effects bile salts 
obtained here. From consideration ionization constants (6) and molar con- 
centrations can shown that the sodium acetate solution experiment 
must have had higher and greater buffering power than the sodium glyco- 
cholate solutions having concentrations 0.8 per cent less. Yet the sodium 
acetate solution certainly did not decrease either chloride water absorption. 
Similarly can shown that pure water 0.042 per cent sodium bicarbonate 
has the same (9.0) 0.2 per cent sodium deoxycholate and higher than 
0.2 per cent sodium glycocholate. However significant influence 0.042 per 


TABLE 


VOLUME NaCl 


| cc. j, ce. per cent per cent | per cent 
0.75 per cent glucose* 1.00 13.5 0.39 0.34 
| 
0.3 per cent saponin 20.0 17.0 0.45 
0.15 per cent saponin* 1.0 20.0 18.0 0.45 0.47 


cent sodium bicarbonate isotonic chloride-sulfate solution was demonstrated 
experiments and bile salts and sodium taurocholate not 
appreciably raise the the control solution. 

two experiments saponin decreased chloride and water absorption (expts. 
and 41, table 5). 

Discussion. should understood that the methods used not measure 
the absorptive process itself but measure net absorption only. Some the 
processes which might modified the action bile salts are: secretion 
diffusion chloride, secretion water, and actual absorption chloride 
water. 

view the fact that both bile salts and saponin lower surface tension 
possible that their mechanisms action are similar. 
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Our knowledge the bile salt concentrations which ean occur the lower 
ileum, either normally hypermotility, not yet satisfactory. probable 
that concentrations the order magnitude indicated the present experi- 
ments would interfere with salt and water absorption and tend produce 

The author has been unable find the literature any reference effects 
salts chloride interest note however that Buglia 
(7) has reported that 0.25 per cent sodium taurocholate decreases water absorp- 
tion from 0.9 per cent sodium chloride placed the jejunum dogs. 


SUMMARY 


The following concentrations bile salts decreased water and active chloride 
absorption anesthetized dogs: per cent commercial bile salts, 1.5 per cent 
sodium taurocholate, 0.2 per cent sodium glycocholate, and 0.2 per cent sodium 
deoxycholate. 

general higher concentrations than these produced greater The 
net transfer chloride water was toward the intestinal lumen some cases. 

Nineteen hundredths per cent sodium acetate, 0.75 per cent glucose, and 
per cent sodium bicarbonate did not significantly decrease water active 
chloride absorption. 

The results obtained with bile salts cannot for reduction 
original chloride and sulfate concentrations, effects, pH, buffering 
power. 

Fifteen hundredths per cent saponin decreased water and active chloride 
absorption. 


The author indebted Lathan Crandall, Jr., who suggested this 
problem, for valuable and advice. 
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During the course experiments the survival rats 
previously fed diet low potassium, was observed that this diet caused 
renal hypertrophy. Similar changes followed the administration desoxy- 
corticosterone The following data are presented elucidate the nature 
these phenomena. 
Review LITERATURE. While the effects potassium deficiency 
tumor-bearing mice, Liebow, and Tennant (1) observed increase 
kidney weight associated with tubular dilatation, hypertrophy and epithelial 
proliferation. They also were able show that these changes could reversed 
upon re-alimentation the animals. Winters, Smith and Mendel (2) noted 
similar increase renal size rats fed salt-free diet. Kidney enlargement 
rats following prolonged administration desoxycorticosterone acetate, 
according Selye (3); finding confirmed many (4) Similar renal 
changes have also been produced rats and mice following injections steroids 
the ovary and testis (6) (7) (8). 

albino, male and female rats, approximately 200 grams, 
were used all experiments. control group was fed Purina Dog Chow. 
The basic ingredients the low potassium diet were present the following 
proportions (9): commercial dextrin (yellow corn), grams; sucrose, grams; 
vegetable fat grams; commercial lactalbumin (Borden’s), grams; 
dried brewer’s yeast (Harris), grams; bone ash, grams; cod liver oil, gram; 
and sodium chloride, gram. One group rats was fed the above diet plus 
gram (group The potassium content the stock diet (Purina 
Dog Chow) was 15.5, M/100 grams, that the low potassium diet 1.6 

M/100 gram, and that the diet with added potassium chloride 
16.6 M/100 grams. animals had free distilled water with the 
exception groups and whom unlimited quantities 1.5 per cent 
solution was offered. 

Crystalline desoxycorticosterone acetate was dissolved warm alcohol and 
added physiological saline that each cubic centimeter contained mgm. 
finely suspended precipitate and per cent subcutaneous in- 
jections mgm. acetate were given groups and 
during period four weeks. 
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The animals were sacrificed following etherization and fresh kidney weights 
secure dry weights the organs were placed oven 
The latter determination was not made all instances was deemed essential 
have fresh material for histological these cases, the dried weights 
the two kidneys were assumed proportionate that the single kidney. 

The tabulated results experiments are presented table 

Effect low Significant increase the kidney weights 
rats fed potassium deficient diet (group when the results were com- 
pared the control groups fed either similar diet with added potassium (group 
stock diet (group The increase the dry weights was the same 
order the changes were confined the mid- 
medullary zone, where dilatation the tubules with marked hyperplasia the 
lining epithelium occurred, indicated columnar cells with numerous mitotic 


TABLE 


The effect diet and acetate kidney siz 


ize 
NUMBER MEAN DRY KIDNEY 
grams crams crams 


Doea indicates mgm. desoxycorticosterone acetate per day for days. 
according Fisher Value greater than 3.0 indicates significant difference 
0.01. 


figures (figs. and The portions tubule involved included the ascending 
loop Henle and the collecting 

Effect The prolonged administration large 
doses acetate produced enlargement the kidneys, 
evidenced the increase both wet and dry weights. These changes were 
not marked those found rats fed the low potassium Similarly, 
the histological changes, while the same nature, were not pronounced. 

Effect low potassium dict plus The changes 
animals low potassium diet and injected with large quantities desoxy- 
corticosterone acetate were similar those observed the animals receiving 
the diet alone, and were only slightly more the changes 
the two groups could not differentiated. 

Effect acetate plus high The animals that 
received large doses desoxycorticosterone acetate over long period time, 
supplemented 1.5 per cent solution potassium chloride the only source 
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fluid, manifested increase renal size changes the concentration 
water the kidneys. gross alterations were evident any 
the tissues these animals. 

Effect high receiving stock diet (Purina Dog Chow) 
plus 1.5 per cent solution potassium chloride drinking water showed 
changes kidney size and gross histological changes the tissues. 


Discussion. Enlargement the has been demonstrated previously 
mice fed diet low potassium (1) and rats receiving injections desoxy- 
corticosterone acetate. The present paper emphasizes the close relation the 
two low potassium lead loss muscle potassium and 
muscle sodium (11) Furthermore, injections desoxycorticoste- 
rone acetate produce similar changes the muscle (13) Both conditions 
are accompanied abnormally low serum potassium. Injections adrenal 
cortical substances, well steroids ovary and testis, produce increased 
urinary excretion potassium (15) Apparently the kidney unable 
prevent loss potassium when animals are fed diet low potassium when 
they receive injections desoxycorticosterone acetate. seems likely that the 
tubular hypertrophy found these two conditions connected with attempt 
the renal tubules reabsorb potassium from glomerular 
case the low potassium diet, realimentation shows that normal ability 
reabsorb potassium persists (1); the other hand desoxycorticosterone acetate 
interferes with the reabsorb potassium spite normal potassium 
both cases similar tubular hypertrophy results. 

The potassium indicated the prevention hypertrophy when 
supplements the low potassium diet added the drinking water 
rats given desoxycorticosterone acetate. These facts indicate that the tubular 
hypertrophy after injection acetate should not 
garded form growth produced hormonal stimulus but rather hy- 
pertrophy associated with the attempt reabsorb potassium the presence 
deficiency. 
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SUMMARY 

Hypertrophy the kidney results the rat after four weeks low potas- 
sium diet. The increased weight this organ 
proportionate change the water The anatomical alterations are 
confined the loops Henle and collecting tubules and consist dilatation, 
hypertrophy and hyperplasia. 

Similar, though less marked, renal changes occur following the administration 
desoxycorticosterone acetate rats normal alterations are 
prevented the addition the drinking water. 

Animals subjected high potassium regime alone show anatomical 
changes. 


Grateful acknowledgment made for the technical assistance the Misses 
Gladys Hammond and Virginia Lane. 
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